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PREFACE  TO  THE  SECOND  EDITION 


Modern  methods  of  treating  pulmonary  tuberculosis  are 
developing  rapidly,  so  that  there  have  been  many  advances 
since  the  first  edition  of  this  work  was  published. 

It  is  mostly  along  surgical  lines  that  progress  has  been 
made,  and  in  this  edition  the  chapter  on  thoracoplasty,  extra¬ 
pleural  pneumolysis  and  phrenic  evulsion  has  been  much 
enlarged,  and  new  pages  dealing  with  intercostal  neurectomy, 
cauterisation  of  adhesions  and  oleothorax  have  been  inserted. 

The  results  of  further  experiments  with  B.C.G.  are  in¬ 
cluded,  and  there  are  new  articles  on  poisonous  gas  and 
war  injuries  as  the  causation  or  aggravation  of  tuberculosis, 
and  one  dealing  with  pregnancy  and  the  indications  for 
terminating  it  in  cases  of  pulmonary  tuberculosis. 

Modern  views  concerning  salt-free  and  other  diets,  together 
with  the  value  of  vitamins,  are  also  included. 

As  in  the  first  edition,  the  author  has  tried  to  avoid  giving 
unnecessary  references,  especially  foreign  ones,  and  most  of 
the  references  given  can  be  found  in  any  medical  library. 
The  book  is  intended  to  bring  to  the  notice  of  the 
practitioner  and  senior  student  the  recent  advances  in  our 
knowledge  of  tuberculosis  and  is  not  a  treatise  for  the 
specialist. 

L.  S.  T.  BURRELL. 
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PREFACE  TO  THE  FIRST  EDITION 


Tuberculosis  has  been  one  of  the  great  problems  oi 
medicine  since  the  earliest  days  of  history.  It  is  only 
natural  in  such  a  disease  that  many  remedies  should  have 
been  recommended,  but  their  vogue  has  usually  been  of 
very  short  duration,  and  it  has  been  wisely  said  that  when  a 
new  “  cure  ”  for  consumption  appears  those  who  want  to 
use  it  should  do  so  at  once  before  it  goes  out  of  fashion  and 
ceases  to  operate. 

In  writing1  this  book,  the  author  has  tried  to  describe  the 
recent  increase  in  our  knowledge  of  tuberculosis,  and  to 
separate  the  real  advances  in  treatment  from  those  methods 
which  have  no  scientific  basis  and  enjoy  but  brief,  though 
occasionally  recurrent,  phases  of  popularity. 

Most  of  the  book  deals  with  treatment,  and  no  attempt  has 
been  made  to  describe  physical  signs  or  morbid  anatomy, 
because  the  work  is  intended  for  practitioners  and  senior 
students,  and  not  as  an  examination  text-book.  Chapters  on 
diagnosis  and  prognosis  are  included,  and  an  introductory 
chapter  describes  certain  animal  experiments,  with  modern 
views  as  to  immunity  and  spread  of  disease,  for  treatment  is 
largely  based  on  these  views. 

The  author  wishes  to  thank  Dr.  Davies,  of  Cefn  Mably 
Sanatorium,  for  permission  to  reproduce  the  skiagram  of 
silicosis,  and  Dr.  Stanley  Melville  for  all  the  other  skiagrams 
in  the  book. 

L.  S.  T.  BURRELL 
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RECENT  ADVANCES  IN 
PULMONARY  TUBERCULOSIS 


CHAPTER  I 

INTRODUCTION 

Although  tuberculosis  has  been  one  of  the  most  important 
medical  problems  since  the  earliest  ages,  fifty  years  have  not 
yet  passed  since  the  discovery  of  the  tubercle  bacillus  by  Koch. 
Not  only  did  this  discovery  give  great  impetus  to  research, 
which  led  to  a  rapid  development  of  our  knowledge  of 
tuberculosis,  but  our  views  on  many  of  the  problems  con¬ 
nected  with  the  subject  have  undergone  a  complete  revolu¬ 
tion  since  that  time. 

For  example,  we  now  know  that  the  enormous  majority  of 
individuals  in  a  civilised  community  are,  or  have  been, 
infected  by  tubercle  bacilli ;  we  also  know  that  this  infection 
gives  a  certain  degree  of  protection  against  the  spread  of  the 
disease.  If  we  take  a  positive  tuberculin  test  as  indicating 
the  presence  of  a  tuberculous  lesion  in  the  body,  are  we  to 
regard  this  as  favourable  because  the  individual  has  that 
protection  which  is  lacking  in  one  who  shows  a  negative 
result  to  the  tuberculin  test  ?  But  the  latter  has  yet  to  be 
infected  before  he  can  develop  any  form  of  tuberculosis, 
whereas  one  who  is  already  infected  has  in  him  the  seeds 
which  may  break  out  into  serious  or  fatal  disease.  In  other 
words,  can  we  speak  of  a  “  beneficial  ”  and  a  “  harmful  ” 
tuberculosis  ?  Again,  how  great  is  the  protection  afforded 
by  previous  infection  ?  To  what  extent  is  a  consumptive 
a  danger  to  people  themselves  already  infected  ?  In  trying 
p.t.  i 
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to  prevent  tuberculosis  should  our  efforts  be  directed  to 
vaccination  or  ensuring  that  every  one  is  mildly  infected,  or 
should  we  try  to  abolish  all  possible  sources  of  infection  ?  It 
has  been  suggested  that  infants  obtain  protection  by  drinking 
tuberculous  milk,  and  some  will  actually  oppose  the  sterilisa¬ 
tion  of  milk  on  the  grounds  that  this  deprives  children  of  a 

valuable  source  of  protection. 

There  are  many  other  problems  of  vital  importance  to  the 
treatment  and  prevention  of  tuberculosis  which  have  arisen 
out  of  the  discovery  of  the  tubercle  bacillus.  It  will  be  well, 
therefore,  to  discuss  infectivity  and  immunity  before  con¬ 
sidering  modern  methods  of  treatment. 

When  an  animal  is  inoculated  with  tubercle  bacilli  the 
subsequent  course  of  events  depends  on  whether  it  is  already 
tuberculous  or  not.  If  tubercle  bacilli  are  injected  intra- 
cutaneously  into  an  animal  not  previously  infected  nothing 
happens  for  the  first  few  days.  Then  at  the  site  of  the 
inoculation  appears  a  nodule  which  gradually  increases 
in  size.  This  nodule  is  essentially  composed  of  epithelioid 
cells,  the  origin  of  which  is  uncertain,  but  which  eventually 
become  fibroblasts  and  lead  to  a  fibrosis  around  the  bacilli. 
The  formation  of  the  tubercle  or  nodule  is  not  inflammatory, 
but  due  to  proliferation  of  the  cells,  and  may  be  compared 
to  the  growth  of  a  neoplasm.  Some  two  or  three  weeks  after 
inoculation  a  zone  of  inflammation  appears  around  the 
tubercle,  which  breaks  down,  forming  an  ulcer  and,  at  the 
same  time,  certain  general  signs  of  ill-health  develop. 

If  tubercle  bacilli  are  injected  intracutaneously  into  an 
animal  previously  infected  the  course  of  events  is  different. 
There  is  an  inflammatory  exudative  reaction  within  a  few 
hours  at  the  site  of  the  inoculation.  There  is  no  latent  period 
as  in  the  case  of  a  first  infection.  In  addition  to  the  local 
inflammation,  there  may  also  be  focal  inflammation  around 
already  existing  lesions  in  other  parts  of  the  body.  If  the 
dose  of  re-infection  is  sufficiently  large  local  ulceration  may 
occur,  but  it  tends  to  heal  and  any  new  nodular  formation 
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which  occurs  appears  sooner  than  in  a  first  infection  and 
tends  to  subside  in  the  tuberculous  animal.  Therefore  there 
are  two  factors  in  regard  to  reaction  to  re-infection. 

1.  The  natural  reaction  of  the  non-infected  animal.  This 
is  proliferative  and  non-inflammatory. 

2.  The  acquired  reaction  peculiar  to  the  previously 
infected  animal.  This  is  inflammatory.  The  tissues  of  such 
an  animal  are  hypersensitive  to  tuberculin  or  tubercle 
bacilli,  and  this  condition  of  hypersensitiveness  is  spoken  of 
as  “  allergy.”  In  the  case  of  a  first  infection  no  symptoms  of 
ill-health  develop  until  the  animal  tissues  become  sensitive 
to  the  tuberculous  infection,  that  is,  until  allergy  appears. 
Immunity  is  a  function  of  allergy,  and  it  may  be  said  of 
tuberculosis,  as  has  been  said  of  typhoid  fever,  that  the 
beginning  of  symptoms  marks  the  beginning  of  the  immune 
period.  Large  doses  of  tuberculin  which  would  be  fatal  to 
the  allergic  animal  cause  no  symptom  at  all  in  the  non- 
infected  one,  and  the  same  applies  to  the  injection  of  tubercle 
bacilli,  except  that  after  a  latent  period  the  bacilli  will  cause 
a  general  tuberculous  infection.  The  latent  or  incubation 
period  may  therefore  be  regarded  as  the  length  of  time  taken 
by  the  body  to  establish  immunity. 

That  immunity  is  a  function  of  allergy  may  be  shown  by 
experiments.  The  allergic  animal  is  made  acutely  ill  by  the 
injection  of  tubercle  bacilli,  but  provided  it  recovers  from 
the  initial  reaction  it  will  live  much  longer  than  one  infected 
by  a  similar  dose  of  bacilli  for  the  first  time,  and  in  the  non- 
immune  or  non-infected  animal  allergy  does  not  exist.  Dr. 
Allen  K.  Krause  (1)  describes  a  series  of  experiments  on  the 
non-immune  and  the  immune  guinea-pig  designed  to  work 
out  the  paths  of  transit  of  the  tubercle  bacilli.  It  was  found 
that  if  the  bacilli  are  introduced  by  inhalation  the  first 
anatomical  signs  of  infection  appear  in  the  tracheo-bronchial 
glands.  If  inoculated  subcutaneously  the  bacilli  are  found 
earlier  and  in  larger  numbers  in  the  tracheo-bronchial  glands 
than  in  the  lungs.  Indeed,  if  they  are  of  low  virulence  they 
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may  not  produce  any  anatomical  lesion  in  the  lungs  at  all. 
It  was  also  found  that  the  transit  of  the  bacilli  was  very 
rapid  in  the  non-immune  but  delayed  in  the  immune  animals. 
The  experiments  were  very  carefully  carried  out,  the  follow¬ 
ing  procedure  being  adopted.  A  series  of  guinea-pigs  was 
immunised  by  infection  with  a  weak  strain  of  tubercle 
bacilli,  and  subsequently  re-infected  with  a  virulent  strain  ; 
at  the  same  time  a  similar  dose  of  the  virulent  strain  was 
inoculated  into  the  same  number  of  non-immune  guinea- 
pigs  for  the  purpose  of  control.  The  guinea-pigs  were  then 
killed  at  varying  intervals  after  infection  and  certain  organs 
removed  with  the  greatest  precautions  against  sepsis  or 
cross  infection.  Each  organ  thus  removed  was  macerated 
in  a  sterile  mortar  with  a  little  saline  solution  and  injected 
into  the  groin  of  a  normal  guinea-pig.  The  organs  removed 
were  the  iliac  lymph  node,  the  spleen,  the  tracheo-bronchial 
lymph  nodes  and  the  lungs.  As  a  result  of  these  experi¬ 
ments  it  was  shown  that  in  the  non-immune  animals  the 
tubercle  bacilli  were  disseminated  throughout  the  body  in 
seven  days  or  less  :  usually  in  from  three  to  five  days.  The 
local  iliac  nodes  were  always  infected  within  three  days. 

In  the  immune  animals  the  iliac  lymph  nodes  may  contain 
a  few  bacilli  after  three  days  but  not  until  ten  days  are  they 
regularly  infected,  and  it  may  be  as  much  as  thirty  days 
before  the  bacilli  are  disseminated  throughout  the  body. 
Two  immune  and  two  non-immune  animals  were  killed  at 
intervals  varying  from  three  to  forty  days  after  infection, 
and  the  table  on  p.  5  shows  the  times  at  which  the  different 
organs  caused  tuberculosis  when  inoculated  into  a  normal 
guinea-pig. 

Not  only  was  it  found  that  there  is  a  delay  in  the  transit 
of  the  bacilli  in  the  immune  animals,  but  it  was  also  dis¬ 
covered  that  when  the  viscera  are  invaded  the  number  of 
bacilli  are  few  for  a  considerable  period  in  the  immunes  as 
compared  with  the  non-immunes. 

It  is  known  that  the  rate  of  spread  of  tubercle  bacilli  from 
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the  site  of  infection  to  internal  organs  depends  on  the 
quantity  or  dose  of  infection  both  in  immunes  and  non- 
immunes.  It  is  not  unreasonable,  therefore,  to  suggest  that 
some  immuno-lysin  or  substances  form  in  the  body  of  the 
immune  animal  and  by  killing  a  number  of  the  bacilli  not 
only  reduce  their  number,  but  retard  their  rate  of  transit. 
There  is  some  evidence  to  support  this  view,  but  there  are 
also  many  objections  to  it.  There  is  no  bacteriolytic  action 
on  tubercle  bacilli  treated  with  serum  of  normal  or  immune 
animals,  nor  is  there  any  definite  experimental  evidence  of 
the  existence  of  immuno-lysins.  No  success  has  followed  the 
numerous  attempts  that  have  been  made  to  treat  tuber¬ 
culous  patients  with  immune  serum.  There  are  probably 
substances  in  the  body  tissues  which  are  antagonistic  to  the 
growth  of  tubercle  bacilli,  but  there  is  no  satisfactory  evi¬ 
dence  of  the  presence  of  any  such  substance  peculiar  to  the 
immune  state.  It  is  well  known  that  cultures  of  the  bacilli 
if  kept  in  one  tube  for  more  than  a  few  months  cease  to 
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grow  and  cannot  be  subcultured,  and  it  is  quite  possible 
that  bacilli  which  have  been  fixed  in  one  part  of  the  body  for 
a  considerable  time  lose  their  power  of  development.  Living 
tubercle  bacilli  may  be  found  in  an  old  lesion  which  has 
ceased  to  spread  and  has  apparently  been  healed  for  many 
years.  Yet  in  order  to  live  they  must  have  oxygen  and 
nourishment  from  the  body,  and  therefore  be  open  to  action 
by  any  immuno-lysin  should  it  exist. 

It  would  seem  that  some  other  factor  is  concerned  in  fixing 
the  bacilli  and  retarding  their  rate  of  transit  through  the 
body,  and  the  zone  of  inflammation  at  the  site  of  re-infection 
in  an  allergic  animal  is  probably  of  importance  in  this 
respect. 

Eventually  immune  animals  which  have  been  re-infected 
die  of  generalised  tuberculosis  but  they  live  much  longer. 
In  Dr.  Krause’s  experiments  one  lived  for  ten  and  another  for 
eleven  months.  The  important  fact  is  that  re-infection  can 
take  place  and  lead  to  a  fatal  result.  In  the  immune  a  larger 
dose  will  be  required  to  cause  disease  than  in  the  non- 
immune,  but  given  a  sufficient  dose  the  barriers  of  defence 
will  be  broken  down. 

In  the  human  subject,  if  the  tuberculous  lung  is  collapsed 
by  artificial  pneumothorax,  the  spread  of  the  disease  is 
stopped  or,  at  any  rate,  retarded.  This  often  gives  time  for 
satisfactory  barriers  of  defence  to  form  and  leads  to  per¬ 
manent  arrest  of  the  disease  ;  on  the  other  hand,  it  may  be 
that  the  disease  will  continue  to  spread,  although  much  more 
slowly.  It  is  now  generally  admitted  by  those  with  experi¬ 
ence  of  the  subject  that  artificial  pneumothorax  does  prolong 
life,  but  one  great  criticism  of  the  treatment  is  that  the  late 
results  are  disappointing  compared  with  the  initial  ones,  for 
it  so  frequently  happens  that  the  disease  continues  to  spread 
and  does  in  the  end  prove  fatal,  and  that,  therefore,  the  treat¬ 
ment  cannot  be  considered  a  cure.  Of  course  it  is  not  a  cure 
any  more  than  is  immunity  resulting  from  a  previous  infec¬ 
tion.  In  Dr.  Krause’s  experiments,  to  which  I  have  already 
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referred,  all  the  non-immune  guinea-pigs  had  extensive 
generalised  tuberculosis  at  the  sixty-ninth  day,  but  in  an 
immune  one  killed  at  the  same  time  no  visible  visceral 
tuberculosis  was  found,  although  the  spleen  gave  a  positive 
result  on  inoculation.  It  would  appear  therefore  that,  in 
the  human  subject  as  in  the  experimental  animal,  if  i;he  rate 
of  spread  of  disease  is  reduced  the  subject  can  form  barriers 
of  defence  which  may  be  sufficient  to  control  the  disease 
altogether,  and  in  any  case  will  delay  its  progress.  The 
efficiency  of  the  defence  must  depend  on  the  degree  of  resist¬ 
ance  offered  to  the  spread  of  the  bacilli  and  also  to  the 
quantity  or  dosage  of  the  infection. 

It  has  been  noticed  that  in  the  human  subject  there  are 
two  main  types  of  disease.  One  an  acute  generalised  tuber¬ 
culosis  in  which  the  lungs  are  affected  only  as  part  of  a 
general  infection,  and  this  type  is  seen  characteristically  in 
the  infant ;  and  another  type  which  is  characteristic  of  the 
adult  and  consists  of  chronic  pulmonary  lesions  often  with¬ 
out  any  tuberculosis  in  other  parts  of  the  body.  In  child¬ 
hood,  or  the  period  between  infancy  and  puberty,  the  human 
subject  is  particularly  free  from  all  forms  of  tuberculosis. 
In  order  to  explain  these  facts  it  has  been  suggested  that  the 
acute  disease  of  infancy  is  due  to  first  infection  and  may  be 
compared  to  the  results  of  inoculation  in  a  normal  or  non- 
immune  guinea-pig,  and  that  the  surviving  infants  have 
great  immunity  which  renders  them  free  from  disease  during 
childhood  but  gradually  wanes  and  leaves  them  susceptible 
to  disease  modified  by  previous  infection.  One  would  expect 
immunity  to  become  less  and  less  with  time,  and  tuberculin 
tests  confirm  this  view.  A  child  with  tuberculous  glands  or 
joints  may  give  a  strongly  positive  tuberculin  reaction,  but 
if  the  lesions  heal  it  will  be  found  that  the  reaction  to  tuber¬ 
culin  becomes  weaker  as  time  goes  on  and  may  eventually 
disappear.  Again,  it  is  pointed  out  that  if  a  native  of  some 
country  or  tribe  where  tuberculosis  is  unknown  is  brought 
into  a  modern  civilised  community  he  is  liable  to  contract 
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tuberculosis,  which  tends  to  run  the  acute  course  charac¬ 
teristic  or  the  infant  or  the  guinea-pig,  and  is  probably  due 
to  lack  of  acquired  immunity.  There  is  no  inherent  lack  of 
resistance  in  the  infant,  for  the  enormous  majority  of  them 
recover  without  any  obvious  illness  at  all  although  tuber¬ 
culin  tests  show  that  infection  has  taken  place.  When  there 
is  obvious  disease,  as  indicated  by  glandular  or  bone  tuber¬ 
culosis,  the  child  shows  a  considerable  degree  of  resistance 
and  recovery  is  the  rule. 

Animal  experiments  fail  to  show  that  the  young  of  any 
species  is  less  resistant  than  the  adult.  To  suggest  that  a 
child  is  liable  to  “  catch  ”  tuberculosis,  but  that  an  adult  is 
not  so  liable,  is  misleading,  although  it  is  true  that  a  larger 
proportion  of  adults  than  children  have  acquired  partial 
immunity,  and,  secondly,  that  a  dose  of  infection  which  will 
prove  fatal  to  a  child  of  a  few  pounds’  weight  may  well  be 
resisted  in  the  case  of  an  adult.  It  is  certainly  true  that 
chronic  fibroid  tuberculosis  of  the  lung  is  very  rare  in  child¬ 
hood,  but  chronic  bone  or  glandular  lesions  are  common,  and 
it  is  difficult  to  explain  this  on  the  assumption  of  lack  of 
immunity  in  the  child.  Dr.  Krause  (2)  was  struck  by  the 
fact  that  in  the  case  of  the  rabbit  infected  by  tubercle  bacilli 
the  early  anatomical  changes  were  not  the  same  as  in  the 
guinea-pig.  In  the  rabbit  the  lungs  are  chiefly  affected, 
whereas  in  the  guinea-pig  the  lungs  frequently  showed  no 
obvious  disease  although  the  tracheo-bronchial  glands  were 
seriously  affected.  Working  on  this  subject  he  found  that 
in  the  guinea-pig  there  is  very  little  lymphatic  tissue  in  the 
lung,  and  that  what  there  is  is  supplied  by  the  bronchial 
arteries,  whereas  in  the  rabbit’s  lung  there  is  considerable 
lymphatic  tissue  supplied  by  the  pulmonary  arteries.  Now 
in  the  infant  there  is  very  little  lymphatic  tissue  but  large 
lymphatic  channels  in  the  lungs,  whereas  in  the  adult 
lymphatic  tissue  has  formed  and  there  is  not  nearly  such 
free  lymphatic  drainage.  May  not  these  anatomical  differ¬ 
ences  account  in  some  degree  for  the  different  types  of  chronic 
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tuberculosis  characteristic  of  adult  and  child  life  ?  After  all 
the  majority  of  children  do  “  fix  ”  the  invading  bacilli,  not 
in  the  lungs,  it  is  true,  but  in  glands,  bone,  etc.,  and  this  can 
hardly  be  explained  by  assuming  lack  of  immunity.  In 
childhood  milk  is  the  chief  diet,  and  bovine  infection  is  less 
uncommon  than  in  adults,  but  even  in  infancy,  except  when 
the  cervical  or  abdominal  glands  are  involved,  most  of  the 
cases  are  due  to  the  human  tubercle  bacillus.  Moreover, 
even  if  infection  does  occur  by  feeding,  the  bacilli  must 
leave  the  intestinal  tract  by  the  lymphatic  or  blood-stream 
and  find  their  way  into  the  right  side  of  the  heart  and 
pulmonary  system  in  order  to  get  into  the  tracheo-bronchial 
glands.  In  other  words,  they  must  have  passed  through 
the  lungs  in  order  to  reach  the  glands  where  they  become 
fixed. 

Ihe  site  of  the  lesion  is  a  matter  of  great  importance, 
tuberculous  meningitis  is  fatal  because  of  its  localisation. 
Tuberculous  pleural  effusion  is  followed  by  pulmonary  tuber¬ 
culosis  in  a  considerable  proportion  of  cases,  although  several 
years  may  elapse  before  signs  of  disease  appear  in  the  lungs. 
So-called  surgical  tuberculosis  very  rarely  spreads  to  the 
lungs,  indeed  some  think  that  an  old  lesion,  for  example,  in 
the  glands,  is  a  protection  against  the  subsequent  develop¬ 
ment  of  tuberculosis.  Tuberculous  glands  of  the  neck 
may  rupture  externally  and  cause  no  impairment  of  the 
genera]  health,  but  should  glands  happen  to  rupture  into 
certain  parts  of  the  body,  for  example,  mediastinal  or 
retroperitoneal  glands,  a  rapid  and  fatal  spread  of  the 
disease  may  follow.  This  does  not  indicate  that  the 
patient  who  dies  of  tuberculous  meningitis  is  less  resistant 
than  the  one  who  recovers  from  tuberculous  peritonitis, 
or  that  one  with  tuberculous  adenitis  lacks  resistance 
because  the  glands  happen  to  rupture  into  an  unfavourable 
position. 

The  following  table  shows  how  very  striking  is  the  differ¬ 
ence  between  tuberculosis  in  adult  life  and  in  infancy. 
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Table  1. — Mortality  Table  for  England  and  Wales, 

1927. 


Ages. 

All  Forms  of 
Tuberculosis. 

Tuberculosis  of  Respiratory 
System. 

0—1 

718 

91 

1—5 

2,284 

378 

30—35 

3,485 

3,208 

Yet  it  will  be  noted  that  in  infancy  the  mortality  in  both 
cases  is  less  than  in  adult  life  in  spite  of  immunity.  Mortality 
tables  show  that  after  the  fifth  year  of  life  there  is  a  great 
drop  in  the  death  rate  from  tuberculosis,  but  there  are  two 
far  more  remarkable  facts — one  the  sudden  increase  in 
mortality  which  takes  place  about  the  fifteenth  year  of  life, 
and  the  other  that  the  two  sexes  are  affected  very  differently. 
These  age  and  sex  variations  in  the  mortality  from  tuber¬ 
culosis  are  common  to  all  countries.  In  Ireland  the  amount 
of  tuberculosis  and  the  type  differs  from  that  of  England 
and  Wales,  yet  the  mortality  varies  with  age  and  sex  in  the 
same  way. 

Table  2  (3). — Death  Rates  from  Pulmonary  Tuberculosis  in 
England  and  Wales  per  million  living  at  each  age  period, 
Male  and  Female. 

Ages. 


(10-15.) 

(15-20.) 

(20-25.) 

(45-55.) 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

1861-70 

608 

1,050 

2,196 

3,121 

3,894 

3,972 

3,880 

2,865 

1871-80 

483 

851 

1,685 

2,409 

3,109 

3,154 

3,865 

2,468 

1881-90 

344 

702 

1,293 

1,809 

2,341 

2,326 

3,505 

2,062 

1891-1900  . 

234 

502 

995 

1,290 

1,887 

1,591 

3,144 

1,642 

1901-10 

171 

396 

756 

998 

1.521 

1,235 

2,753 

1,310 
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Table  3. — Mortality  under  the  same  Condition  for  Ireland. 

Ages. 


(10-15.) 

(15-20.) 

(20-25.) 

(45-55.) 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

1861-70 

704 

1,109 

1,978 

2,494 

3,311 

2,774 

3,166 

3,144 

1871-80 

632 

1,211 

2,163 

3,102 

3,798 

3,406 

2,304 

2,115 

1881-90 

647 

1,454 

2,287 

3,438 

4,054 

4,103 

2,212 

2,112 

1891-1900  . 

567 

1,485 

2,283 

3,410 

4,073 

3,971 

2,299 

2,027 

1901-10 

509 

1,256 

2,004 

3,079 

3,579 

3,571 

2,371 

1,891 

We  may  take  certain  facts  regarding  tuberculosis  as 
established. 

1.  In  the  first  place  the  prevailing  type  of  tuberculosis  in 
early  child-life  is  non-pulmonary  and  frequently  acute  and 
general,  whereas  in  adult  life  it  is  almost  entirely  pulmonary, 
tending  to  be  acute  at  puberty  and  early  adult  life,  but  more 
chronic  as  age  advances.  These  two  types  closely  resemble 
the  types  seen  experimentally  in  the  non-immune  and 
immune  animal.  Viewed  broadly,  one  may  regard  the  infant 
type  of  disease  as  the  result  of  an  excessive  primary  infec¬ 
tion  and  the  adult  type  a  re-infection  or  spread  of  disease, 
modified  by  partial  immunity  resulting  from  a  previous 
infection  which  was  not  sufficient  to  cause  general  disease. 

2.  But  the  immune  child  fixes  the  infection  in  glands  and 
bones  and  not  in  the  lungs,  although  it  would  appear  that 
the  infecting  organisms  must  pass  through  the  lungs.  It  is 
difficult  to  understand  how  this  difference  can  be  due  to  the 
acquired  immunity.  Anatomical  differences  between  the 
infant  and  the  adult  may  have  some  bearing  on  the 
problem. 

3.  Statistics  for  the  last  sixty  years  show  that  the  mortality 
from  tuberculosis  has  undergone  a  change,  which  varies  in 
different  countries  during  different  years,  but  whether  the 
incidence  is  increasing  or  decreasing  in  any  particular 
country  there  are  always  two  constant  factors  : — 
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(1)  A  considerable  increase  in  mortality  as  puberty 

begins. 

(2)  A  drop  in  mortality  as  sexual  activity  declines. 

Moreover,  this  wave  of  mortality  begins  earlier  and 

subsides  sooner  in  women  than  in  men. 

It  would  appear,  therefore,  that  during  that  period  of  life 
when  sexual  functions  are  active  there  is  something  in  the 
body  which  favours  the  spread  of  tuberculosis.  It  has  been 
suggested  that  acquired  immunity  wanes  during  this  period, 
and  this  may  be  the  case,  but  it  is  not  borne  out  by  tuber¬ 
culin  tests,  and  the  type  of  disease  at  this  period  of  life  is 
the  type  seen  in  the  immune  animal  In  England  and  Wales 
in  1927  tuberculosis  of  all  sorts  caused  : — 

2,284  deaths  between  the  ages  of  1 — 5. 

1,017  „  „  „  5—10. 

4,588  „  „  „  20—25. 

877  „  „  „  65—70. 

Personally,  I  find  it  very  difficult  to  accept  as  an  expla¬ 

nation  of  these  facts  the  suggestion  that  the  initial  high 
mortality  in  infants  is  because  they  are  not  immune  ;  that 
amongst  the  survivors  the  mortality  becomes  halved  because 
they  have  immunity  ;  that  this  immunity  wears  off  so  com¬ 
pletely,  that  the  mortality  becomes  more  than  double  that 
of  the  maximum  in  infancy,  and  then  that  the  immunity 
again  increases  until  as  old  age  approaches  it  has  reached  a 
high  degree  of  efficiency. 

If  this  is  the  true  explanation  the  obvious  remedy  would 
seem  vaccination  or  some  attempt  to  immunise  children  as 
puberty  approaches. 

4.  There  are  various  other  factors  which  influence  the 
incidence  of  tuberculosis.  For  example,  when  a  race  moves 
to  a  foreign  country  and  lives  under  different  conditions, 
tuberculosis  increases.  During  the  Great  War  the  mortality 
from  tuberculosis  was  doubled  and  in  some  countries  trebled, 
but  it  remained  of  the  adult  type  seen  in  the  immune  annual. 
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It  would  seem  therefore  that  immunity  remains  and  that 
the  increased  mortality  is  due  to  failure  of  some  process  or 
function  not  of  necessity  peculiar  to  the  immune  animal. 

There  are,  of  course,  many  other  factors  which  influence 
the  type  and  course  of  tuberculosis,  but  I  do  not  propose  to 
discuss  them  here.  I  have  touched  very  briefly  only  on 
those  problems  which  have  a  bearing  on  treatment,  and  the 
following  conclusions  may  be  drawn  from  the  evidence  given 
in  this  introduction  : — 

1.  There  is  a  natural  reaction  to  tubercle  bacilli  and  that 
this  leads  to  the  formation  of  tubercles  and,  ultimately, 
fibrosis. 

2.  That  there  is  also  an  acquired  reaction  to  tubercle 
bacilli  which  is  inflammatory  and  tends  to  retard  the  rate 
of  spread  of  tuberculous  infection.  This  gives  time  for 
barriers  of  defence  to  arise,  and  these  always  delay  and  may 
completely  arrest  the  spread  of  the  disease. 

3.  Re-infection  can  occur,  and  adults  as  well  as  children 
can  be  re-infected. 

4.  Immunity  or  lack  of  immunity  does  not  wholly  account 
for  the  variations  in  mortality  under  different  conditions. 
There  are  probably  some  factors  in  the  body  which  affect 
the  growth  or  spread  of  tubercle  bacilli  and  which  vary  under 
certain  conditions,  but  which  are  not  necessarily  peculiar  to 
the  immune  state. 

5.  The  site  of  the  infection  is  of  the  greatest  importance. 
A  degree  of  tuberculosis  which  would  prove  rapidly  fatal  in 
one  part  of  the  body  would  produce  few,  if  any,  ill  effects  in 
another. 
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CHAPTER  II 


PREVENTION 

The  two  main  principles  of  prevention  are  destruction  of 
infection  and  increase  of  resistance  in  the  individual.  In 
countries  where  there  is  no  tuberculosis  the  people  cannot, 
of  course,  become  infected,  but  they  fail  to  get  the  protection 
afforded  by  frequent  small  infections.  Consequently  they 
are  extremely  vulnerable  and  liable  to  contract  acute  tuber¬ 
culosis  should  they  move  to  a  district  where  infection  exists. 
Since  tuberculosis  abounds  in  all  civilised  communities,  some 
will  argue  that  it  is  wrong  to  protect  children  too  much  from 
infection,  for  the  tubercle  bacilli  introduced  by  milk  and 
other  sources  go  to  build  up  immunity,  and  so  prevent  the 
individuals  from  developing  acute  tuberculosis  in  adult  life. 
Heimbeck  (1)  found  that  nurses  who  have  been  infected  by 
tuberculosis,  as  shown  by  the  tuberculin  reaction,  aie  less 
liable  to  develop  clinical  tuberculosis  than  those  who  have 
not,  or  whose  infection  has  so  completely  disappeared  that 
the  tuberculin  test  is  negative.  His  work  suggests  that  far 
from  a  positive  tuberculin  reaction  being  a  danger  signal  it 
is  actually  a  sign  of  protection,  and  that  a  new  infection 
shows  its  tendency  at  once  to  conquer  and  produce  disease 
or  be  conquered  and  establish  immunity.  If  it  is  conquered, 
some  tubercle  bacilli  may  remain  in  the  tissues  and  keep  alive 
for  years,  but  they  do  not  tend  to  become  virulent,  multiply, 
and  cause  disease.  Their  presence  maintains  some  degree 
of  resistance,  and  tends  to  prevent  a  fresh  infection  from 
producing  disease.  This  protection  wanes  unless  it  is  kept 
alive  by  repeated  small  infections.  Heimbeck  found  that 
at  Oslo  85  per  cent,  of  the  children  aged  nine  gave  a  positive 
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Von  Pirquet  reaction,  but  of  222  military  recruits  55  per 
cent,  gave  negative  results. 

Following  this  school  of  thought  one  should  advocate 
increasing  the  immunity  of  people  by  natural  and  acquired 
means. 

The  result  desired  is  that  every  one  should  be  infected,  not 
sufficiently  to  develop  clinical  tuberculosis,  but  enough  to 
render  them  immune  to  the  maximum  dose  of  tubercle 
bacilli  they  are  likely  to  meet  in  ordinary  life.  This,  however, 
is  an  impossible  state  to  obtain  without  danger.  Even  if  we 
admit  that  a  few  tubercle  bacilli  swallowed  with  milk  or 
inhaled  from  time  to  time  do  protect,  we  must  also  admit 
that  an  overdose  will  cause  disease.  Moreover,  a  dose  that 
at  one  time  is  harmless  may  prove  fatal  at  another,  when  the 
individual’s  resistance  may  be  lowered  by  cold,  fatigue,  or 
some  other  condition.  It  would  seem  wrong,  therefore, 
deliberately  to  expose  people,  and  especially  children,  to 
infection. 

On  the  other  hand,  it  is  pointed  out  that  without  infection 
there  can  be  no  disease,  and  that  the  chief  principle  of  preven¬ 
tion  should  be  to  remove  all  sources  of  infection,  or  at  least 
to  dilute  the  infection  as  far  as  possible.  Bad  ventilation, 
stagnant  air,  small  rooms,  dirt,  etc.,  all  tend  to  concentrate 
infection,  but  in  a  civilised  community  much  can  be  done  to 
prevent  this  concentration,  and  the  great  drop  in  the  mor¬ 
tality  which  has  followed  modern  sanitary  methods  is  evidence 
of  their  success.  The  patient  with  advanced  disease  who 
expectorates  a  large  number  of  virulent  bacilli  and  is  too  ill  to 
be  careful  is  one  of  the  greatest  sources  of  danger,  and  such 
patients  should  be  treated  in  institutions  where  proper  nursing 
and  precautions  against  infection  are  available.  If  it  is  impos¬ 
sible  to  remove  the  patient  the  children  should  be  moved  from 
the  infected  home,  and  brought  up  with  a  family  free  from 
tuberculosis.  In  this  country  when  tuberculosis  is  diagnosed 
the  case  must  be  notified  to  the  local  medical  officer  of 
health.  In  each  district  is  a  dispensary  with  a  tuberculosis 
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officer,  who  acts  as  a  consultant  in  doubtful  cases  and 
advises  as  to  diagnosis  and  treatment.  The  patient  is  told 
how  to  live,  or  in  most  cases  taught  in  a  sanatorium,  so  as  to 
minimise  the  risk  of  infecting  others.  The  patient’s  home 
is  visited,  and  if  necessary  cleaned  and  disinfected,  the 
tuberculosis  officer  examines  the  members  of  the  family 
who  have  come  into  contact  with  the  patient  and  keeps 
them  under  his  observation.  Suspicious  cases  are  sent  away 
to  convalescent  homes  in  the  country,  and  if  the  patient, 
though  still  infectious,  cannot  be  moved  from  home  the 
young  children  are  boarded  out  with  some  healthy  family, 
so  that  they  do  not  come  in  contact  with  infection. 

The  Grancher  System. — In  1903  Professor  Grancher  intro¬ 
duced  a  system  in  France  whereby  healthy  children  were 
removed  from  tuberculous  infected  surroundings.  Dr. 
Armand  Delille,  of  Paris,  referred  to  this  system  in  a  paper 
read  at  the  International  Congress  on  Tuberculosis  held  in 
London  in  July,  1921.  He  said  that  the  method  had  met 
with  considerable  success,  and  was  not  only  the  most 
economical,  but  the  most  successful  method  of  dealing  with 
the  tuberculosis  problem.  Certainly  it  would  seem  more 
reasonable  to  prevent  children  from  meeting  infection  than 
to  inoculate  them  against  all  known  diseases.  The  Grancher 
system  is  based  on  the  belief  that  children  do  not  inherit 
tuberculosis,  but  acquire  it  by  repeated  infections,  and  it 
removes  the  children  whilst  still  healthy  from  the  infected 
homes  and  sends  them  to  live  with  healthy  families.  This 
system  of  boarding  out  is  employed  in  England  and  other 
countries,  but  greater  stress  is  laid  on  the  delicate  children, 
or  those  who  are  said  to  be  mildly  affected,  the  healthy  ones 
generally  being  left  at  home.  When  possible  the  patient 
is  removed  to  an  institution,  thus  removing  the  source  of 
infection  and  allowing  the  children  to  live  a  normal  life  at 
home. 

Immunisation. — There  are  three  methods  described  by 
Petroff  (2). 
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1.  Injecting  living  virulent  tubercle  bacilli.  He  found 
ten  living  virulent  bacilli  could  produce  tuberculosis  in  a 
guinea-pig.  The  bacilli  were  counted  by  Barber’s  method, 
and  he  tried  to  produce  immunity  in  guinea-pigs  (3)  by 
giving  gradually  increasing  numbers  of  bacilli  at  weekly 
intervals,  as  follows  :  one,  three,  five,  eight,  twelve,  and  so  on. 
He  found  that  this  method  gave  fairly  good  immunity,  but 
it  was  necessary  to  keep  up  the  injections,  and  there  is  a 
great  risk  of  developing  the  disease  if  resistance  fails,  so  that 
the  proceeding  was  considered  too  dangerous  to  employ  on 
human  beings. 

2.  By  using  avirulent  tubercle  bacilli.  Many  attempts 
have  been  made  to  protect  by  using  attenuated  bacilli,  and 
the  latest  preparation  is  known  as  B.C.G.  This  consists  of 
bovine  tubercle  bacilli,  attenuated  by  230  passages  in 
thirteen  years  on  potato-glycerin  and  bile.  Petroff’s  con¬ 
clusions  are  that  this  is  a  safer  method  than  when  virulent 
bacilli  are  used,  but  the  end  results  are  not  known. 

3.  By  using  killed  bacilli.  He  thinks  that  an  increased 
state  of  resistance  can  be  produced  by  injecting  dead 
tubercle  bacilli,  and,  although  the  immunity  is  more 
partial  than  when  living  bacilli  are  used,  it  is  free  from 
danger. 

It  is  generally  admitted  that  the  use  of  virulent  tubercle 
bacilli  is  too  risky,  and  that  tuberculin  or  dead  bacilli  when 
injected  do  not  give  an  adequate  protection.  It  is,  therefore, 
the  attempt  to  produce  immunity  by  using  attenuated 
bacilli  that  is  receiving  most  attention  at  the  present  moment, 
and  a  great  deal  of  work  has  been  done  with  B.C.G.  (Billie- 
Calmette-Guerin  bacillus).  Various  doubts  as  to  the  value 
and  limitations  of  B.C.G.  have  been  raised,  and  it  has  been 
asked  : — 

1.  Can  B.C.G.  recover  its  lost  virulence  and  produce 
disease  ? 

A  large  number  of  infants  have  now  received  B.C.G.,  and 
although  a  few  cases  of  subsequent  tuberculosis  have  been 
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reported,  they  are  very  rare,  and  it  has  been  suggested  that 
they  were  due  to  failure  of  the  B.C.G.  to  protect  against  an 
accidental  infection,  and  not  to  direct  infection  by  B.C.G. 

The  recent  disaster  at  Lubeck  has  given  support  to  those 
who  regarded  B.C.G.  as  not  altogether  free  from  danger.  In 
this  case  246  newborn  children  were  given  B.C.G.  orally, 
and  46  are  already  reported  to  have  died  of  acute  intestinal 
tuberculosis,  and  68  are  seriously  ill.  It  is  said  that  some  of 
the  same  batch  of  B.C.G.  has  been  sent  to  other  countries, 
and  has  been  used  without  producing  any  ill  effects.  The 
possibility  of  the  reactivation  of  the  attenuated  B.C.G. 
vaccine  is  still  a  matter  of  dispute,  but  many  authorities 
think  that  it  is  possible  under  certain  conditions.  So  many 
children  have  been  given  B.C.G.  without  harm  that  when 
several  suddenly  develop  acute  tuberculosis,  it  suggests  that 
by  some  mistake  they  received  virulent  tubercle  bacilli 
rather  than  that  the  B.C.G.  had  become  reactivated.  At  the 
same  time  sporadic  cases  of  tuberculosis  following  the 
injection  have  been  reported,  and  the  possibility  of  reactiva¬ 
tion  cannot  be  altogether  ruled  out. 

2.  Is  it  sufficiently  virulent  to  produce  any  immunity  ? 

Of  course,  immunity  is  always  relative,  but  there  is  no 
doubt  that  a  considerable  degree  of  protection  is  afforded 
by  B.C.G.  inoculations.  Experiments  on  calves  (4)  showed 
that  even  a  single  inoculation  of  50  to  100  mg.  B.C.G.  gave 
complete  protection  against  5  mg.  virulent  bovine  tubercle 
bacilli  injected  a  month  later.  The  experiments  on  cattle 
by  Lange  and  Lydtin  (5)  did  not,  however,  give  such  favour¬ 
able  results.  Calmette  observed  982  babies  whose  inoculation 
with  B.C.G.  dated  back  more  than  a  year  and  who  lived 
with  tuberculous  persons,  of  them  only  1  per  cent,  died  of 
tuberculosis,  whereas  it  was  estimated  that  in  Paris  32  per 
cent,  of  babies  living  with  tuberculous  parents  died  of 
tuberculosis.  Greenwood  (6)  criticises  these  figures  and 
suggests  that  the  mortality  from  tuberculosis  amongst 
babies  living  with  tuberculous  parents  is  very  much  less 
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than  30  per  cent.  Heimbeck  (7)  states  that  a  considerable 
proportion  of  nurses  joining  the  Municipal  Hospital  at  Oslo 
develop  tuberculosis.  In  1927  44  nurses  giving  negative 
Von  Pirquet  test,  but  healthy,  and  most  between  the  ages 
of  twenty  to  twenty-five,  were  inoculated  with  B.C.G.,  and 
a  year  later  not  one  of  them  had  developed  tuberculosis. 
In  1924,  however,  13  out  of  51  ;  in  1925  17  out  of  72,  and  in 
1926  14  out  of  62  nurses  joining  the  hospital  with  negative 
Von  Pirquet  reactions  developed  tuberculosis.  Wilbert’s  (8) 
experiments  on  apes  went  to  show  that  a  very  satisfactory 
degree  of  immunity  could  be  produced  by  B.C.G.,  although 
other  workers  have  failed  to  obtain  such  promising  results 
in  apes.  Dr.  Stanley  Griffiths  at  Cambridge  conducted  a  series 
of  experiments  with  monkeys,  and  found  that  B.C.G.  did 
not  protect  them  against  experimental  infection,  nor  did  it 
prevent  them  contracting  the  disease  from  infected  monkeys 
living  in  the  same  cage. 

When  B.C.G.  is  given  by  mouth  as  advocated  by  some  in 
the  case  of  infants  its  value  is  doubtful,  and  it  does  not  pro¬ 
duce  a  positive  Von  Pirquet  reaction.  B.C.G.  given  sub¬ 
cutaneously,  however,  does  cause  the  animal  or  human  being 
to  acquire  a  positive  reaction  to  tuberculin,  although  the 
sensitiveness  wears  off  in  many  cases,  so  that  in  time  the 
subject  is  again  negative  to  tuberculin. 

In  spite  of  varying  experimental  reports  it  would  seem 
certain  that  B.C.G.  injected  subcutaneously  does  give 
relative  immunity  for  a  time,  although  not  sufficient  to  do 
more  than  delay  the  spread  of  the  disease  and  increase  by  a 
short  time  the  life  of  the  infected  animal. 

3.  For  how  long  does  the  immunity  last  ? 

This  is  not  known.  Fried  (9)  says  that  B.C.G.  does  not 
cause  tuberculosis,  but  retains  its  antigenic  properties.  As 
long  as  living  bacilli  are  in  the  body  immunity  persists, 
for  there  is  a  struggle  between  the  body  and  the  bacilli. 
He  suggests  that  immunity  in  babies  lasts  about  four 
years. 
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It  has  been  shown  that  the  most  serious  age  for  pulmonary 
tuberculosis  to  develop  is  about  puberty.  At  this  time  the 
mortality  is  higher  than  at  any  age  including  infancy,  and 
since  tuberculin  tests  show  that  the  majority  of  children  at 
that  age  have  been  infected,  it  would  appear  that  by  the 
time  puberty  is  reached  either  immunity  has  waned  or  some 
other  change  in  the  body  has  taken  place  and  rendered  the 
immunity  insufficient.  It  would  seem  that  the  most  impor¬ 
tant  time  to  increase  immunity  is  just  before  and  during 
the  onset  of  puberty. 
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CHAPTER  III 


DIAGNOSIS 

The  diagnosis  of  pulmonary  tuberculosis  is  often  a  matter 
of  great  simplicity,  and  may,  indeed,  be  quite  obvious  to  the 
non-medical  observer.  In  such  cases,  however,  the  patient 
has  usually  passed  the  stage  when  treatment  can  be  of 
much  value.  In  the  early  and  doubtful  cases  the  diagnosis 
is  complicated  by  the  fact  that  many  patients  who  are 
infected  and  have  evidence  (by  physical  signs,  X-ray,  tuber¬ 
culin,  or  other  tests)  of  old  disease  are  not  actually  tuber¬ 
culous  in  the  sense  that  they  have  active  or  spreading 
disease.  Such  a  patient  may  be  compared  to  a  house  in 
which  there  has  been  a  fire,  but  which  is  no  longer  on  fire. 
In  other  words,  they  do  not  require  treatment  for  tuber¬ 
culosis,  though  they  may  require  treatment  for  bronchitis, 
overwork,  Graves’  disease,  or  some  other  condition  to  which 
their  symptoms  are  really  due.  In  certain  cases  a  period  of 
rest  is  required  whether  or  not  the  symptoms  are  due  to 
tuberculosis,  and  there  is  no  better  treatment  than  can  be 
obtained  at  a  sanatorium.  Here  the  rest  and  routine  have  a 
rapidly  beneficial  effect.  In  many  cases,  however,  a  mistaken 
diagnosis  not  only  leads  to  treatment  which  if  not  actually 
harmful  is  useless,  but  it  fails  to  give  treatment  for  the  actual 
disability. 

It  is  possible  to  arrive  at  an  accurate  diagnosis  if  one 
remembers  that  no  one  sign,  symptom  or  laboratory  test 
can  be  relied  on  alone,  but  that  the  cumulative  effect  of 
several  signs  or  symptoms  all  pointing  one  way  may  make  a 
diagnosis  certain.  For  example,  loss  of  weight  may  be  due 
to  diabetes  or  a  variety  of  conditions,  but  if  other  causes  are 
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eliminated  and  it  is  associated  with  changes  such  as  night 
sweats,  cough  and  evening  temperature,  it  becomes  a  very 
valuable  piece  of  evidence  in  favour  of  active  tuberculosis. 
The  symptoms  most  often  noticed  in  the  early  stages  are  : — 

Loss  of  Energy. — This  is  very  frequently  present,  but 
is  not  often  the  complaint  for  which  the  patient  seeks  advice, 
as  it  is  usually  attributed  to  overwork  or  some  other  cause, 
and  not  taken  seriously  unless  it  becomes  extreme.  The 
patient  feels  tired  after  an  ordinary  day  and  is  disinclined 
for  any  extra  activity,  such  as  going  out  to  the  theatre  ;  he 
is  said  to  be  growing  lazy  or  suddenly  to  have  become  an  old 
man.  When  such  symptoms  are  given  tuberculosis  should 
be  remembered  as  a  possible  cause. 

Loss  of  weight  is  very  common  in  the  early  stages  of 
active  tuberculosis,  although  some  patients  get  into  an 
advanced  stage  of  the  disease  without  getting  thinner.  It  is 
especially  valuable  as  a  guide  to  activity,  and  in  chronic 
cases,  when  the  disease  is  apparently  arrested,  a  gradual  loss 
of  weight  is  often  the  first  sign  of  renewed  activity. 

Cough  is  almost  always  present,  but  it  has  no  special 
characteristics.  As  in  bronchitis,  it  is  most  common  on 
rising  in  the  morning  and  after  meals.  It  must  be  remem¬ 
bered  that  a  chronic  cough  occurs  in  many  other  conditions, 
such  as  pharyngitis,  nasal  catarrh  or  excessive  smoking. 

Sputum  is  absent  in  the  early  stages,  but  is  rarely  absent 
as  the  disease  progresses.  At  first  it  is  mucoid,  then  purulent, 
and,  in  the  advanced  stages,  it  is  mummular. 

Tubercle  bacilli  in  the  sputum  are  definite  evidence  of 
infection  and  may  be  taken  as  indicating  active  disease, 
although  there  are  patients  who  remain  quite  well  without 
any  evidence  of  active  or  spreading  disease,  but  who  have 
tubercle  bacilli  in  the  sputum  either  constantly  or  periodi¬ 
cally.  Tubercle  bacilli  are  not  often  found  in  the  earliest 
stages  of  disease,  but  when  the  sputum  becomes  purulent 
they  are  almost  always  present  if  the  disease  is  due  to 
tuberculosis. 
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Kingston  Fowler  (1)  reports  a  series  of  188  cases  in  which 
tubercle  bacilli  were  found  at  Midhurst.  In  these  the  bacilli 
were  found  on  the  first  examination  in  167  and  on  the  second 
in  twelve.  In  one  case  they  were  not  found  until  the  seventh 
time.  Repeated  examinations  are  necessary,  therefore,  but 
at  the  same  time  failure  to  find  them  after  one,  or  certainly 
two,  examinations  is  strong  evidence  against  tuberculosis  pro¬ 
vided  the  examination  is  thorough  and  the  sputum  is  really 
purulent.  If  the  bacilli  are  not  found  a  guinea-pig  may  be 
inoculated  and  the  injection  is  best  made  into  the  groin. 
After  a  week  or  ten  days  enlarged  inguinal  glands  will  be 
felt  in  positive  cases.  A  local  swelling  appearing  after  a  day 
or  two  is  due  to  other  organisms  and  soon  subsides,  but  the 
subsequent  development  of  an  inguinal  lump  indicates  tuber¬ 
culosis  in  the  great  majority  of  cases.  Later,  of  course,  the 
tuberculosis  will  spread  in  the  guinea-pig  and  the  diagnosis 
can  be  confirmed. 

The  important  point  to  remember  regarding  tubercle 
bacilli  is  that  their  absence  in  definitely  purulent  sputum, 
after  repeated  examination,  is  very  strong  evidence  indeed 
against  tuberculosis. 

Fever. — A  certain  amount  of  fever,  usually  in  the  evening, 
is  common  in  cases  of  active  tuberculosis.  If  the  patient  is 
afebrile  whilst  in  bed  a  rise  of  temperature  may  be  obtained 
after  he  has  taken  some  exercise.  It  is  not  sufficient,  there¬ 
fore,  to  take  the  temperature  only  whilst  the  patient  is 
resting.  A  definite  rise  to  99*6°  F.  or  higher  after  a  brisk  walk 
is  a  suggestive  sign. 

The  range  of  temperature  in  pulmonary  tuberculosis  is  an 
exaggeration  of  the  normal.  A  rise  begins  about  2  p.m.  and 
reaches  its  maximum  about  7  p.m.  After  this  it  gradually 
falls  until  about  5  a.m.,  when  it  is  subnormal  until  the  after¬ 
noon  rise.  In  other  words,  the  characteristic  temperature  is 
intermittent,  being  lowest  in  the  early  hours  of  the  morning 
and  highest  in  the  late  evening.  The  greater  the  activity  of 
the  disease  the  more  is  the  swing  exaggerated,  and  in  extreme 
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cases  the  temperature  is  called  “  hectic,”  and  this  usually 
indicates  great  activity.  A  continuous  typhoid  type  of 
temperature  may  be  found  and  is  of  serious  import,  for  it 
suggests  miliary  tuberculosis  or  a  general  spread  of  the 
disease.  In  some  cases  the  temperature  is  higher  in  the 
morning  than  at  night,  this  is  known  as  the  inverse  type. 
The  characteristic  type,  however,  is  the  important  guide  to 
diagnosis  in  a  doubtful  case,  and  if  it  is  not  found  in  the 
resting  patient  it  may  be  brought  on  by  exercise. 

Night  Sweats  are  present  in  the  early  acute  stages  of 
pulmonary  tuberculosis  or  during  an  acute  exacerbation  in  a 
chronic  case.  Some  patients  who  sleep  with  too  many  bed¬ 
clothes  feel  hot  during  the  night  and  speak  of  this  as  having 
sweats.  True  night  sweats  may  be  very  severe,  so  that  the 
patient  has  to  change  his  night  clothes  two  or  three  times  in 
the  night.  Such  cases  are  very  suggestive  indeed  of  acute 
tuberculosis  and  most  of  them  have  a  characteristic  smell. 
These  symptoms  are  rarely  present,  however,  except  when 
the  patient  has  many  other  signs  which  leave  no  doubt  as  to 
the  true  condition,  so  that  they  are  rarely  of  great  diagnostic 
value. 

Digestive  Symptoms. — Loss  of  appetite  and  nausea 
are  sometimes,  though  rarely,  the  first  symptoms  noticed. 
When  a  patient  complains  of  a  gradual  impairment  of  diges¬ 
tive  powers  the  possibility  of  pulmonary  tuberculosis  should 
be  borne  in  mind. 

Pleural  Effusion. — Unless  there  is  any  obvious  cause, 
such  as  neoplasm,  cardiac  failure,  etc.,  the  development  of 
clear  fluid  in  the  pleural  cavity  may  be  taken  as  evidence  of 
tuberculosis.  It  does  not,  of  course,  follow  that  the  lungs 
are  involved,  but  on  the  advent  of  any  signs  or  symptoms 
suggesting  pulmonary  tuberculosis  a  history  of  pleural 
effusion  strongly  supports  that  diagnosis. 

Haemoptysis— This  may  be  due  to  mitral  stenosis, 
bronchiectasis  or  other  causes,  but  is  usually  due  to  tuber¬ 
culosis  and  should  be  assumed  to  be  of  this  origin  unless 
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there  is  evidence  to  the  contrary.  There  may  be  veins  at 
the  back  of  the  throat,  but  they  do  not  bleed.  It  may  be 
said  that  for  all  practical  purposes  in  cases  of  haemoptysis 
the  blood  does  not  come  from  the  back  of  the  throat.  Many 
lives  have  been  lost  by  the  failure  to  appreciate  the 
enormous  importance  of  haemoptysis  as  an  early  sign  in 
tuberculosis  of  the  lungs. 

A  fistula-in-ano  is  another  condition  which  should  cause 
serious  suspicion. 

Physical  Examination. — This  is  very  important,  but 
should  not  by  itself  determine  a  diagnosis.  In  many  cases 
there  are  signs  which  are  quite  consistent  with  tuberculosis, 
but  to  which  we  must  give  a  different  interpretation  owing 
to  other  facts.  For  example,  apical  bronchiectasis,  or  early 
carcinoma  of  lung,  may  give  signs  which  some  would  con¬ 
sider  pathognomonic  of  tuberculosis,  and  the  less  obvious 
signs  such  as  altered  breath  sounds,  slight  impairment  of  the 
percussion  note,  diminution  in  Kronig’s  area  of  resonance, 
etc.,  are  present  in  many  conditions.  In  the  survey  of  school 
children  carried  out  in  Canada  (2),  1,392  children  were 
examined  physically  by  X-ray  and  with  tuberculin,  and  the 
following  conclusions  were  reached  : — 

1.  Impairment  of  resonance  over  any  part  of  the  chest  may 
be  due  to  conditions  other  than  tuberculosis. 

2.  Broncho-vesicular,  or  still  higher  pitched  breathing,  may 
be  present  apart  from  tuberculosis  and  is  normal  under 
conditions  of  forced  breathing. 

3.  The  presence  of  rales  in  the  chest  usually  indicates  a 
non-tuberculous  infection. 

(The  authors  are  referring  to  school  children,  and  this  con¬ 
clusion  must  not  be  taken  to  apply  to  the  rales  heard  at  the 
apex  of  adults.  Such  rales  are  usually  due  to  tuberculous 
disease.) 

4.  Physical  signs  (including  Eustace  Smith  and  D’Espine 
signs)  pointing  to  enlargement  of  the  mediastinal  glands  are 
present  in  conditions  other  than  tuberculosis. 
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I  do  not  want  to  underrate  the  value  of  physical  signs,  but 
one  frequently  meets  a  patient  who  has  been  condemned  as 
tuberculous  on  the  strength  of  slight  impairment  of  resonance 
on  percussion  at  one  apex,  or  some  such  sign,  and  no  other 
evidence  of  tuberculosis  whatever.  There  has  been  a  most 
complete  examination  of  the  chest,  with  full  notes  of  even 
the  minutest  detail,  yet  there  are  few  if  any  notes  on  the 
history,  and  no  examination  of  sputum,  no  tuberculin  test 
and  no  X-ray  examination  have  been  made. 

Tuberculosis  usually  affects  the  upper  portions  of  the 
lungs,  so  that  disease  at  or  near  the  apices  is  probably 
tuberculous,  but  a  basal  lesion  is  more  likely  to  be  non- 
tuberculous. 

Tuberculin  Test. — The  most  satisfactory  tuberculin  test  is 
the  intracutaneous  one. 

For  this  purpose  four  dilutions  are  prepared.  Dilution  1 
is  made  by  adding  OT  c.cm.  of  Koch’s  old  tuberculin  to 
0-9  c.cm.  of  normal  saline  containing  0-25  per  cent,  of 
phenol.  Dilution  2  is  made  by  adding  0-5  c.cm.  of  dilu¬ 
tion  1  to  0-5  c.cm.  of  the  diluting  fluid.  Dilution  3  is  made 
by  adding  OT  c.cm.  of  dilution  1  to  0-9  c.cm.  of  the  diluting 
fluid.  Dilution  4  is  made  by  adding  0T  c.cm.  of  dilution  3 
to  0-9  c.cm.  of  the  diluting  fluid. 

Since  1  c.cm.  of  O.T.  contains  1,000  mg.,  it  follows  that : — - 

0T  c.cm.  of  dilution  1  contains  10  mg.  (0-01  c.cm.)  O.T. 

0T  c.cm.  „  2  ,,  5  mg. 

0T  c.cm.  ,,  3  ,,  1  mg. 

0T  c.cm.  ,,  4  ,,  0T  mg. 

To  perform  the  test  the  flexor  surface  of  the  patient’s  fore¬ 
arm,  just  below  the  elbow,  is  cleaned  with  ether  and  0T  c.cm. 
of  dilution  4  is  injected  intracutaneously  with  a  very  fine 
needle.  The  injection  should  not  be  made  subcutaneously, 
but  into  the  skin,  leaving  a  slightly  raised  white  weal.  In 
the  case  of  children  0-05  c.cm.  may  be  used.  If,  as  often 
happens,  there  is  no  reaction  after  three  days,  0T  c.cm.  of 
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dilution  3  is  injected  in  the  same  way,  and,  failing  a  reaction, 
0*1  c.cm.  of  dilution  2  is  injected  three  days  later.  The 
reaction  occurs  twenty-four  to  twenty-eight  hours  after  the 
injection  and  consists  of  a  raised  area  of  redness  at  the  site 
of  the  inoculation.  In  very  sensitive  patients  this  may  go 
on  to  vesiculation,  or  even  ulceration,  and  for  this  reason  it 
is  wise  always  to  begin  with  the  lower  dilutions.  A  positive 
reaction  indicates  infection,  but  not  necessarily  active  dis¬ 
ease.  It  is  somewhat  curious  that  this  test  is  employed  so 
little  in  this  country,  and  there  are  two  chief  criticisms  of  it. 
First,  that  since  it  is  positive  in  cases  where  the  disease  is 
not  active  it  is  of  little  practical  use.  In  other  words,  a 
patient  with  a  positive  intracutaneous  tuberculin  test  does 
not  of  necessity  require  treatment.  This  is  true,  but  there  is 
no  one  symptom,  sign  or  test  which  does  indicate  active 
disease  for  certain,  and  a  correct  diagnosis  can  be  made  only 
by  the  cumulative  weight  of  evidence.  The  second  objection 
is  that  every  one  except  in  very  early  childhood  gives  a 
positive  reaction.  This  is  a  common  belief,  but  is  not  the  case. 
Out  of  fifty  adult  patients  sent  into  my  wards  at  the  Bromp- 
ton  Hospital  for  diagnosis  the  test  was  negative  in  nine,  and 
they  were  all  patients  suspected  of  having  tuberculosis.  In 
Dundas  (2)  (Canada),  and  the  surrounding  country,  1,392 
children  of  school  age  were  tested,  and  of  these  only  32  per 
cent,  reacted  to  tuberculin.  Dr.  Krause  (3)  writes  that  in 
1927  a  skin  tuberculin  test  was  made  on  people  in  Fram¬ 
ingham,  and  the  result  was  38  per  cent,  lower  incidence  than 
it  was  when  a  similar  test  was  made  there  in  1917-19,  and 
he  points  out  that  this  result  is  consistent  with  the  fact  that 
in  New  York  city  the  mortality  from  tuberculosis  between 
1898  and  1925  declined  three  times  for  the  general  population 
and  six  times  for  infants  under  two  years  of  age. 

A  negative  tuberculin  test  is  by  no  means  uncommon,  and 
is  of  the  greatest  importance  in  diagnosis.  A  positive  test  is 
of  less  value  in  diagnosis  as  it  indicates  infection  only.  Some 
believe  that  a  condition  of  activity  can  be  distinguished  from 
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one  of  quiescence  by  the  severity  of  the  reaction,  but  it  is  an 
undoubted  fact  that  some  people  give  a  strongly  positive 
reaction  although  they  have  no  apparent  illness,  nor  do 
they  subsequently  develop  any  disease,  whereas  others  with 
definitely  active  tuberculosis  react  mildly.  At  the  same 
time,  when  a  tuberculous  lesion  heals  the  sensitiveness  to 
tuberculin  does  become  less  as  time  passes,  and  a  strong 
reaction  does  suggest  a  recent  infection  or  activity.  There 
are  several  factors,  such  as  intercurrent  disease,  which  blunt 
a  tuberculin  reaction,  and  a  course  of  tuberculin  will  blunt 
it  or  even  eliminate  it  altogether.  It  would  seem  unwise, 
therefore,  to  set  up  a  fixed  standard  and  say  that  those  who 
give  a  reaction  of  such  and  such  a  violence  to  such  and  such 
a  dilution  have  active  disease. 

Another  method  of  employing  the  tuberculin  test  is  by 
the  cutaneous  method  of  Von  Pirquet.  A  solution  is  made 
consisting  of  Koch’s  old  tuberculin,  2*5  c.cm.,  glycerin  phenol, 
5  per  cent.,  2-5  c.cm.,  saline,  5  c.cm. — that  is  O.T.  in  a 
strength  of  1  in  4.  A  drop  of  this  solution  is  placed  on  the 
forearm  and  a  slight  scratch  made  over  it.  The  scratch  must 
be  just  sufficient  to  draw  blood.  If  positive  an  area  of 
redness  will  appear  round  the  scratch  in  three  days. 

Heimbeck  (4)  applied  Von  Pirquet ’s  test  to  girls  aged  from 
twenty  to  twenty-five  who  were  becoming  nurses  at  the 
Municipal  Hospital,  Oslo,  and  in  1924  he  found  that  out  of 
109  there  were  51  negative,  13  of  whom  subsequently  deve¬ 
loped  clinical  tuberculosis,  and  58  positive,  none  of  whom 
developed  it.  In  1925  he  found  that  out  of  114  nurses,  72 
were  negative,  and  17  of  these  subsequently  developed 
clinical  tuberculosis,  but  only  2  of  the  42  positive  cases 
developed  it.  In  1926,  out  of  114  cases,  62  were  negative, 
and  of  these  14  subsequently  developed  clinical  tuberculosis, 
but  only  1  of  the  52  positive  cases  did  so. 

He  also  found  that  after  two  years’  work  at  the  hospital 
practically  all  gave  a  positive  result  to  the  Von  Pirquet  test. 
Other  interesting  facts  found  by  Heimbeck  are  that  not  only 
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were  about  half  the  nurses  negative  to  the  test,  but  of  79 
medical  students  47  per  cent,  and  of  222  military  recruits 
55  per  cent,  were  negative  ;  but  he  found  85  per  cent.  Oslo 
children  at  the  age  of  nine  positive  to  the  Von  Pirquet  test. 

These  findings  would  suggest  the  following  conclusions 

1.  A  positive  Von  Pirquet  test  indicates  the  presence  of  an 
infection  and  probably  the  presence  of  actual  living  bacilli 
in  the  body,  but  it  does  not  indicate  that  the  individual  has 
or  will  develop  clinical  tuberculosis  ;  on  the  contrary,  he  is 
less  likely  to  develop  it  than  a  non-reactor. 

2.  A  fresh  infection  tends  quickly  to  get  the  upper  hand 
and  produce  clinical  disease,  or  to  be  defeated  at  once  by  the 
body  forces  leaving  relative  immunity. 

3.  Sensitiveness  to  tuberculin  waxes  and  wanes  through 
different  periods  of  life. 

Out  of  twenty-one  medical  students  in  London  in  1928  I 
found  eight  negative  to  Von  Pirquet ’s  test. 

Personally,  I  think  the  intracutaneous  method  more 
reliable,  but  the  Von  Pirquet  method,  or  some  variation  of 
it,  is  used  by  many  workers.  Dr.  Gunter  (5)  uses  preparations 
of  Tuberculin  Albumose  Frei  (T.A.F.),  and  makes  dilutions 
of  1  in  10,  1  in  100  and  1  in  500  ;  he  places  a  drop  of  each 
solution  and  a  drop  of  normal  saline  as  control  on  the  fore¬ 
arm  and  makes  a  slight  scratch  over  them.  He  writes  :  “A 
reaction  with  1  in  10  tuberculin  or  stronger  denotes  in¬ 
activity,  a  reaction  of  1  in  100  activity  and  1  in  500  great 
activity.  The  degree  of  activity  does  not,  of  course,  signify 
the  seriousness  of  the  condition  of  the  moment,  but  it 
implies  that  active  processes  are  going  on,  and  whilst  this  is 
the  case  there  is  every  probability  of  the  disease  progressing, 
unless  steps  can  be  taken  to  bring  about  arrest.”  Whilst 
agreeing  in  general  with  these  views,  I  prefer  to  regard  the 
test  as  evidence  of  infection  only  and  to  judge  of  activity  by 
other  signs  and  symptoms. 

A  third  method  of  using  tuberculin  as  a  test  is  by  sub¬ 
cutaneous  injection.  0*2  c.cm.  of  dilution  4  (0-2  mg.)  O.T.  is 
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injected  subcutaneously,  and  if  there  is  no  reaction  three 
days  later  1  c.cm.  of  dilution  4  (1  mg.)  is  injected.  If  no 
reaction  follows  this  after  three  days  0-5  c.cm.  of  dilution  3 
(5  mg.)  is  injected.  A  positive  result  produces  : — 

1.  A  local  reaction  consisting  of  redness  and  swelling  at 
the  site  of  the  injection. 

2.  A  general  reaction  consisting  of  malaise  and  a  tempera¬ 
ture  which  may  rise  to  102°  F.  or  more. 

3.  A  focal  reaction  which  consists  of  inflammation  round 
the  various  tuberculous  lesions. 

In  the  case  of  the  lupus  this  focal  reaction  can  be  seen  ; 
in  pulmonary  tuberculosis  it  may  be  indicated  by  X-ray 
evidence,  increased  crepitations,  more  sputum  and,  possibly, 
some  haemoptysis.  A  focal  reaction  is  rare,  and  even  when 
it  does  occur  it  is  not  often  serious  ;  indeed,  when  it  sub¬ 
sides  it  may  be  followed  by  actual  improvement.  In  my 
opinion,  the  danger  of  this  test,  and  in  fact  of  tuberculin 
treatment,  has  been  much  exaggerated,  but  I  have  seen 
disastrous  results  follow  a  severe  tuberculin  reaction,  and 
do  not,  therefore,  advocate  this  method  of  testing,  especially 
as  the  intracutaneous  method  gives  equally  reliable  results. 

Lastly,  Moro’s  method  of  applying  the  tuberculin  test 
may  be  mentioned.  This  consists  of  rubbing  into  the  skin 
an  ointment  containing  equal  parts  of  lanolin  and  O.T.  If 
positive,  redness  appears  over  the  surface.  This  method  may 
be  used  for  infants  when  objection  is  made  to  an  injection  or 
even  to  scratching  the  skin,  but  failing  the  intracutaneous 
method  I  should  always  advocate  Von  Pirquet’s  test. 

Complement  Fixation  Test 

The  Wassermann  test  for  syphilis  proved  so  satisfactory 
that  it  was  hoped  to  apply  similar  methods  in  the  diagnosis 
of  tuberculosis.  In  practice,  however,  the  usual  difficulty 
arose,  namely,  how  to  distinguish  active  from  non-active 
infection.  Moreover,  a  positive  result  not  infrequently  is 
obtained  in  those  who  are  apparently  well  and  remain  so, 
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whereas  a  negative  result  is  sometimes  obtained  in  patients 
with  definite  and  active  tuberculosis.  Alcock,  Douglas  and 
Lucey  (6)  obtained  a  positive  result  in  90-6  per  cent.  T.B. 
positive  cases,  but  it  was  also  positive  in  36-5  per  cent. 
T.B.  negative  cases.  In  arrested  cases  who  had  at  some 
time  been  T.B.  positive  the  test  was  positive  in  47  per 
cent.  only. 

A  positive  complement  fixation  test  may  be  taken  as 
evidence  in  favour  of  the  patient  having  or  having  had 
tuberculosis  and  a  negative  one  as  evidence  to  the  contrary. 
Opinion  as  to  the  weight  of  this  evidence  varies  enormously 
amongst  different  workers,  but  the  majority  do  not  regard  it 
as  of  any  special  value  except  as  giving  some  additional 
evidence  one  way  or  the  other  in  a  doubtful  case. 

Sedimentation  Test 

I  shall  refer  to  this  test  when  dealing  with  prognosis,  and 
mention  it  here  only  to  say  that  it  has  but  little  value  in 
diagnosis.  It  is  true  that  in  the  majority  of  cases  of  pul¬ 
monary  tuberculosis  the  sedimentation  rate  is  increased,  but 
so  it  is  in  many  other  conditions,  and  the  doubtful  case  of 
pulmonary  tuberculosis  where  there  were  no  toxic  symptoms 
and  a  fair  condition  of  general  health  would  quite  likely  show 
a  normal  sedimentation  rate.  Dr.  Heaf  (7),  after  testing 
150  patients  at  King  Edward  VII.  Sanatorium,  Warwick¬ 
shire,  writes  :  “We  wish  to  emphasise  that  the  test  is  useless 
for  diagnostic  purposes.” 

Arneth  Count 

Arneth  attached  importance  to  the  indentations  or  number 
of  individual  nuclei  in  the  polymorphonuclear  neutrophile 
leucocytes.  He  found  in  healthy  individuals  : — 

Mononuclear  forms  with  round  or  indented  nucleus,  5  per 
cent. 

Forms  with  two  nuclei,  35  per  cent. 

Forms  with  three  nuclei,  41  per  cent. 
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Forms  with  four  nuclei,  17  per  cent. 

Forms  with  five  nuclei,  2  per  cent. 

In  tuberculosis  he  found  a  predominance  in  the  forms  with 
one  or  with  two  nuclei.  In  one  fatal  case  of  pulmonary 
tuberculosis  he  found  46  per  cent,  with  one  and  49  per  cent, 
with  two  nuclei.  Professor  Cummins  (8)  discusses  the  value 
of  this  test  and  the  sedimentation  test,  and  regards  them  of 
value  as  additional  evidence. 

Vital  Capacity 

As  with  the  sedimentation  rate,  vital  capacity  is  altered 
by  many  conditions  besides  tuberculosis  and  is  of  more  value 
in  estimating  prognosis  and  the  result  of  treatment  than  in 
aiding  diagnosis.  At  the  same  time  a  normal  vital  capacity 
does  undoubtedly  render  a  diagnosis  of  active  pulmonary 
tuberculosis  very  unlikely. 

System  of  Diagnosis 

At  the  Trudeau  Sanatorium,  Saranac  Lake,  New  York 
State,  stress  is  put  on  certain  signs  and  symptoms  which  are 
considered  of  special  importance,  these  are  : — 

Tubercle  bacilli  in  the  sputum. 

Persistent  rales  in  the  upper  part  of  the  chest. 

Parenchymatous  lesion  as  shown  by  X-ray. 

Focal  reaction  as  determined  by  X-ray  after  subcutaneous 
test  of  10  mg.  or  less  of  O.T. 

History  of  unexplained  haemoptysis. 

History  of  unexplained  pleural  effusion. 

In  addition  to  this,  symptoms  of  toxaemia,  such  as  fatigue, 
loss  of  weight  or  strength,  fever  over  99°  F.  in  men  or  99-6°  F. 
in  women,  pulse  over  90  in  men  or  96  in  women,  are  regarded 
as  indicating  activity  if  not  explained  on  other  grounds. 

A  positive  complement  fixation  test  is  not  considered  to 
indicate  pulmonary  tuberculosis,  nor  is  a  reaction  to  10  mg. 
O.T.  subcutaneously,  provided  there  is  no  focal  reaction  as 
shown  by  X-ray  or  increased  rales  heard  on  auscultation. 
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At  Trudeau,  patients  sent  for  diagnosis  of  pulmonary 
disease,  are  classified  under  four  headings  : — 

Non-tuberculous.  No  direct  evidence. 

Suspected  tuberculosis.  A  history  of  unexplained  pleural 
effusion  or  unexplained  haemoptysis,  but  not  both.  No  other 
evidence  of  a  lung  lesion. 

Non-clinieal  pulmonary  tuberculosis.  Here  X-ray  shows 
a  parenchymatous  lesion  not  explained  by  other  causes,  but 
there  are  no  symptoms  and  no  tubercle  bacilli  have  ever  been 
found  in  the  sputum. 

Clinical  tuberculosis.  In  this  group  there  are,  or  have 
been,  definite  symptoms,  together  with  one  of  the  first  four 
cardinal  signs  already  mentioned  or  both  unexplained 
haemoptysis  and  unexplained  pleural  effusion. 

This  may  be  taken  as  a  very  good  system  of  diagnosis,  but 
should  be  taken  only  as  a  guide  and  not  as  a  rule.  The 
physician  must  form  his  opinion  on  the  cumulative  evidence 
just  as  a  jury  form  theirs  in  the  law  courts. 

It  is  important  to  remember  that  there  are  two  problems 
to  be  decided  in  diagnosis. 

1.  Is  the  patient  infected  with  tuberculosis  ?  and  if  so, 

2.  Are  the  symptoms  (or  some  of  them)  due  to  the  tuber¬ 
culosis  or  to  some  other  cause  ? 
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RADIOLOGY  IN  PULMONARY  TUBERCULOSIS 

The  great  value  of  radiology  in  pulmonary  tuberculosis  is 
now  generally  admitted  ;  indeed,  the  modern  tendency  is  to 
overrate  rather  than  underrate  its  importance.  In  order  to 
obtain  full  value  from  X-rays  the  work  should  be  done  by  a 
competent  radiologist,  and  in  chest  cases  especially  consider¬ 
able  experience  in  interpreting  the  shadows  is  required. 

Dr.  Melville  (1)  thinks  the  clinical  and  radiological 
examinations  should  be  undertaken  by  separate  individuals 
for  the  following  reasons  : — 

1.  Whichever  is  done  first,  the  mental  balance  must  be 
influenced. 

2.  The  patient  gets  the  benefit  of  two  individual  examina¬ 
tions  and  opinions. 

3.  The  physician  who  becomes  his  own  radiologist  must 
lose  that  fineness  of  outlook  and  that  power  of  summing  up 
all  the  evidence  which  are  so  important. 

Of  course,  in  gross  disease  the  condition  is  obvious,  both 
clinically  and  radiologically,  nor  is  it  necessary  to  trouble 
the  radiologist  when  the  X-ray  examination  is  intended  to 
show  some  simple  change,  such  as  the  degree  of  lung  collapse 
before  or  after  a  pneumothorax  refill,  but  all  important  or 
doubtful  radiological  work  should  be  done  only  by  the  expert 
radiologist.  For  example,  before  thoracoplasty,  where  it  is 
of  the  utmost  importance  to  know  the  condition  of  the  better 
lung,  for  on  this  the  whole  success  of  the  operation  and  the 
life  of  the  patient  depends,  the  opinion  of  a  radiologist  on 
the  film  and  screening  of  the  chest  is  essential. 

Before  studying  the  X-ray  shadows  of  an  abnormal  chest 
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Normal  Lung. 
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Normal  Lung.  The  heavy  root  shadows  in  this  case  have  no 
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it  is  necessary  to  understand  those  of  a  normal  one,  or 
rather  of  a  healthy  one,  for  certain  abnormalities  which 
produce  shadows  are  consistent  with  perfect  health.  Dr. 
Riviere  (3)  discusses  the  X-ray  appearances  of  the  healthy 
chest  and  points  out  that  in  infancy  there  is  little  to  see  in 
the  normal  lung  field  outside  the  root  shadow,  but  as  time 
passes  trunks  and  twigs  of  the  lung  network  become  visible, 
and  at  school  ages  may  be  very  striking,  especially  as  regards 
strands  passing  out  fanshape  from  the  root.  These  appear¬ 
ances  are  certainly  compatible  with  health,  and  in  Dr. 
Riviere’s  experience  often  become  less  obvious  when  adult 
life  is  reached.  These  shadows  may  be  due  to  catarrhal 
attacks,  infective  fevers  or  fleeting  tuberculous  changes, 
but  they  certainly  do  not  indicate  active  or  clinical  tuber¬ 
culosis. 

In  the  adult  just  outside  the  central  shadow  and  partly 
covered  by  the  heart  on  the  left  side  can  be  seen  shadows  of 
the  lung  roots,  and  these  are  due  to  the  main  bronchi,  blood 
vessels  and  lymphatics.  Running  out  from  these  central 
root  shadows  are  striae  passing  into  the  lung  tissue  and  com¬ 
posed  of  bronchi  and  their  accompanying  vessels.  The 
bronchi  appear  as  double  shadows  and  look  like  railway  lines 
and  the  blood  vessels  as  streaks  resembling  the  branches  of 
a  tree.  If  seen  in  optical  section,  the  bronchi  may  appear  as 
vague  rings  or  small  cavities  and  the  blood  vessels  as  dense 
nodules  which  may  be  mistaken  for  calcareous  glands  if  in 
the  section  there  happen  to  be  much  crossing  and  recrossing 
of  the  vessels. 

It  is  important  to  recognise  the  round  breast  shadow  in 
the  healthy  chest ;  it  may  be  very  prominent,  and  I  have 
known  it  to  be  mistaken  for  a  tumour. 

One  must  also  remember  that  the  lung  forms  a  cupola 
fitting  over  the  dome  of  the  diaphragm,  so  that  the  dense 
shadow  of  the  diaphragm  does  not  indicate  the  lowest  level 
of  the  lung,  for  there  is  lung  tissue  below  this  around  the 
dome  of  the  diaphragm. 
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Dr.  Lynham  (4)  finds  it  more  frequent  for  the  radiological 
report  to  indicate  disease  when  the  physician  finds  no  signs 
than  for  the  opposite  to  occur,  and  in  my  experience  X-ray 
findings  usually  indicate  more  disease  than  would  be  expected 
from  physical  examination.  As  the  result  of  post-mortem 
examination  shows  that  there  is  almost  invariably  more 
disease  present  then  the  physical  signs  indicated,  one  must 
agree  that  X-rays  can  demonstrate  the  presence  of  disease 
when  there  are  no  physical  signs.  It  sometimes  happens 
that  physical  signs  are  present  and  tubercle  bacilli  exist  in 
the  sputum,  and  yet  no  definite  X-ray  abnormalities  are 
noted.  Such  cases  are  rare,  but  they  go  to  show  that 
X-rays  should  be  combined  with  other  methods  in  the  diag¬ 
nosis  of  a  difficult  case  and  should  not  be  relied  on  alone. 
Dr.  Melville  (1)  says  : — 

X.  Definite  infiltration  can  be  demonstrated  upon  an 
X-ray  film  at  quite  an  early  stage  of  the  disease,  and  fre¬ 
quently  before  definite  physical  signs  are  evident. 

2.  X-ray  evidence  extending  over  a  period  of  some  months 
and  consistently  negative  may  be  taken  as  conclusive 
evidence  of  the  non-existence  of  pulmonary  tuberculosis. 

3.  That  in  cases  in  which  physical  signs  are  present  it 
may  be  assumed  that  the  initial  stage  has  passed,  and  in  such 
cases  the  X-ray  picture  will  show,  as  a  rule,  much  more 
extensive  disease  than  can  be  demonstrated  by  physical 
examination. 

One  common  source  of  failure  to  interpret  X-ray  findings 
is  the  attempt  to  draw  conclusions  from  a  film  alone,  and 
often  a  poor  film.  In  chest  work  it  is  essential  to  screen  the 
patient,  as  this  will  show  the  movements  of  the  chest  and 
diaphragm,  hypertranslucency  or  failure  of  a  certain  area 
to  light  up  normally  during  breathing,  movements  of  heart 
and  mediastinum  during  inspiration  and  expiration,  etc., 
and  one  can,  moreover,  move  the  patient  so  that  his  chest 
can  be  examined  from  several  angles.  A  film  will  often 
show  detail  which  was  overlooked  on  the  screen,  but  no 


PLATE  III 


Non-tuberculous 

MONTHS,  BUT 


Pneumonia  in  a  Child.  The  shadow  persisted  for  many 

THE  CONDITION  EVENTUALLY  CLEARED  UP  COMPLETELY. 
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Lymphadenoma.  Great  Enlargement  of  the  Glands.  Compare  with 
Plate  III,  where  the  shadow  on  the  right  is  due  to  pneumonic 
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Non-tuberculous  Apical  Pneumonia  in  a  Child, 
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PLATE  VI 


Tuberculous  Fibrosis  with  a  Large  Cavity  containing  Lipiodol.  Note 

THAT  THE  TRACHEA  AND  MEDIASTINUM  ARE  DISPLACED  TO  THE  LEFT. 
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X-ray  examination  of  the  chest  is  complete  without  careful 
observation  under  the  screen. 

Another  error,  common  amongst  those  who  have  but  little 
experience  of  chest  work,  is  to  centre  the  tube  incorrectly 
and  to  have  the  patient  in  a  faulty  position,  so  that  the 
shadows  are  distorted  and  misleading.  There  may  be  so 
much  error  that  the  heart  appears  on  the  right  side  of  the 
chest  in  a  normal  case. 

The  tube  should  be  at  least  3  feet  from  the  patient.  Some 
like  it  to  be  6  feet,  as  this  gives  a  beam  that  is  almost  parallel 
and  a  clearer  picture,  but  requires  much  more  power  or  a 
long  exposure. 

There  are  two  common  heresies  referred  to  by  Dr.  Mel¬ 
ville  (1).  One,  that  of  so-called  peribronchial  tuberculosis. 
In  certain  cases,  and  especially  those  who  have  lived  long 
in  a  city  or  suffered  from  chronic  bronchitis,  dense  striae  are 
seen  radiating  into  the  lung  tissue  from  the  hilum,  and  when 
these  were  very  dense  they  were  supposed  to  indicate  tubercu¬ 
lous  spread  along  the  lymphatics  accompanying  bronchi, 
and  hence  the  term  peribronchial  phthisis  arose.  They  are 
but  an  exaggeration  of  the  normal  linear  markings,  and  the 
term  peribronchial  phthisis  is  not  now  used  by  radiologists, 
nor  is  such  a  condition  known  in  the  post-mortem  room. 

The  other  heresy  is  hilum  tuberculosis.  That  enlarged 

bronchial  glands  may  exist  and  be  seen  by  X-ray,  and  that 

they  may  be  of  tuberculous  origin  is  not  denied.  But  that 

X-rav  examination  can  detect  tuberculosis  of  the  mediastinal 
%! 

glands  before  the  disease  has  spread  into  the  lung  tissue  is 
another  matter.  The  infection  passes  from  the  lung  to  the 
glands,  and,  although  a  tuberculous  mediastinal  gland  may 
suppurate  into  lung  tissue  and  set  up  acute  disease,  in  the 
ordinary  way  the  infection  does  not  pass  against  the  lym¬ 
phatic  stream  from  the  gland  back  into  the  lungs. 

On  this  subject  Dr.  Lynham  (4)  writes  :  “  I  have  seen 
many  cases  with  root  areas  involved,  but  they  all  show  lung 
tissues  involved  as  well.” 
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One  must  also  remember  that  considerable  exaggeration 
of  the  hilum  shadows  may  exist  without  any  enlargement  of 
the  glands.  Dr.  Lynham  says  that  when  screening,  the 
patient  should  be  made  to  inspire  and  then  expire  to  his 
fullest  capacity.  It  will  then  be  found  that  “  solid  bodies, 
such  as  calcified  glands,  retain  their  shape  ;  fibrotic  areas 
show  up  at  full  inspiration  like  the  fine  branches  of  a  moving 
tree  ;  caseating  areas  resemble  crows’  nests  in  tree  branches  ; 
whilst  fluid  areas,  such  as  the  large  veins,  undergo  a  change 
of  shape  which  one  can  only  describe  as  amoebic.” 

The  earliest  sign  of  pulmonary  tuberculosis,  as  seen  by 
X-ray,  is  the  presence  of  fine  mottling  of  the  lung  parenchyma 
itself,  usually  just  below  and  external  to  the  mid-line  of  the 
clavicle  (5). 

A  large  cavity  may  resemble  a  pneumothorax  on  X-ray 
examination,  but  a  cavity  usually  has  a  thickened  and 
crenated  edge,  whereas  in  pneumothorax  the  lung  edge  is 
very  sharply  defined. 

So-called  annular  shadows  are  probably  cavities,  and 
should  be  treated  as  such.  They  are  not  due  to  pleural 
rings  nor  to  small  local  pneumothoraces. 

It  is  largely  because  of  the  difficulties  in  technique,  in  the 
interpretation  of  shadows  seen,  and  in  the  art  of  screening 
that  X-ray  examination  does  not  always  receive  the  credit 
which  it  deserves,  but  its  value  is  being  more  and  more 
recognised  by  those  who  see  many  cases  of  thoracic  disease 
and  base  their  judgment  on  the  reports  of  skilled  radio¬ 
logists. 

Apart  from  being  almost  indispensable  in  controlling 
artificial  pneumothorax  treatment,  and  in  judging  the  effects 
of  such  operations  as  thoracoplasty  or  phrenic  evulsion, 
X-ray  examination  in  relation  to  pulmonary  tuberculosis  is 
of  special  importance  for  two  purposes  : — 

1.  Differential  or  early  diagnosis.  As  an  example  of 
differential  diagnosis  I  may  mention  the  case  of  a  woman 
who  had  been  in  a  sanatorium  for  many  months  with  a 


PLATE  VII 


Carcinoma  of  Bronchus  which  has  led  to  Collapse  of  the  Upper  Part 

of  the  Right  Lung. 
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The  same  Case  as  Plate  VII  after  Lipiodol  has  been  injected  and 
the  Lung  partially  collapsed  for  Diagnostic  Purposes.  Note 

THAT  NO  LIPIODOL  HAS  ENTERED  THE  UPPER  PART  SUPPLIED  BY  THE 
AFFECTED  BRONCHUS. 
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Tuberculous  Broncho-pneumonia. 


[To  face  p.  38. 


PLATE  X 
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Carcinomatosis  . 
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Silicosis 
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Chronic  Tuberculous  Infiltration. 
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PLATE  XIV 


Extensive  Tuberculous  Cavities  after  Lipiodol  has  been  injected 


PLATE  XV 


Tuberculous  Cavity.  Lipiodol  has  been  injected,  and  the  patient  is 

IN  THE  RECUMBENT  POSITION. 
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PLATE  XVI 


Same  Case  as  Plate  XV  with  the  Patient  in 

THE  FLUID  LEVEL  OF  THE 


the  Erect  Position. 

LIPIODOL. 


Note 


PLATE  XVII 


Chronic  Fibroid  Tuberculosis  of  Right  Apex  before  the  Injection  of 

Lipiodol. 
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THE  LARGE  CAVITY 
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diagnosis  of  pulmonary  tuberculosis  based  on  repeated 
hsemoptyses.  After  injecting  lipiodol  into  the  trachea  X-ray 
examination  revealed  complete  blocking  of  one  of  the  largei 
bronchi.  This  was  found  to  be  due  to  a  fibroma,  which 
was  subsequently  removed  by  operation,  and  the  patient 

recovered. 

With  regard  to  early  diagnosis,  X-ray  examination  will 
not  show  the  very  earliest  changes  due  to  tuberculosis  of  the 
lung,  but  it  will  almost  invariably  reveal  disease  before  the 
appearance  of  physical  signs.  Dr.  Melville  (2)  describes  nine 
cases  where  X-ray  evidence  of  pulmonary  tuberculosis  was 
present  and  the  disease  correctly  diagnosed,  but  in  which 
no  physical  signs  were  found  after  careful  examination  by 
competent  physicians. 

2.  The  other  great  function  of  X-ray  examination  is  to 
assist  in  forming  an  opinion  as  to  the  extent  and  type  of 
disease  in  cases  where  treatment  depends  on  these  matters. 

For  example,  before  thoracoplasty  is  performed  it  is 
essential  to  know  that  there  is  no  active  disease  in  the  better 
lung,  and  also  that  the  patient  has  powers  of  resistance,  as 
evidenced  by  the  presence  of  fibrosis. 
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CHAPTER  V 
PROGNOSIS 


In  no  disease  is  the  prognosis  so  uncertain  as  in  pulmonary 
tuberculosis,  and  it  is  quite  impossible  to  foretell  the  future 
of  any  given  case.  At  the  same  time  if  a  large  number  of 
cases  are  taken  it  is  possible  to  give  a  correct  prognosis  in  a 
big  percentage. 

Physique. — -Patients  who  are  physically  weak,  and  especially 
those  who  have  badly  developed  or  deformed  chests,  tend  to 
do  badly  if  they  become  tuberculous.  Insurance  statistics 
show  an  increasing  mortality  from  pulmonary  tuberculosis  as 
the  weight  of  the  individual  falls  below  normal. 

Temperament. — The  temperament  of  the  patient  is  also 
of  the  greatest  importance.  Kingston  Fowler  (2,  p.  184) 
wrote  :  “  No  fool  ever  gets  rid  of  tuberculosis  of  the 

lungs.  He  may  be  no  fool  in  relation  to  literature,  science 
or  art,  but  if  he  is  so  in  relation  to  his  own  well-being  he 
is  doomed  for  certain.”  The  patient  with  a  placid  tem¬ 
perament  who  takes  things  as  they  come  and  does  not 
look  too  far  ahead  has  the  best  chance  of  recovery.  During 
the  active  stage  he  will  follow  out  the  treatment  for  his  own 
sake,  and,  having  reached  the  highest  level  of  improvement 
he  will  adjust  his  life  so  as  to  get  the  most  out  of  it,  in  spite 
of  any  limitation  of  activity  which  may  be  necessary. 
Many  people  in  all  walks  of  life  have  done  much  useful  work 
and  left  great  names  behind  them  in  spite  of  having  suffered 
for  years  from  chronic  pulmonary  tuberculosis,  and  probably 
in  many  cases  their  lives  were  prolonged  by  the  fact  that 
they  did  work.  It  is  play,  far  more  than  work,  that  kills 
in  tuberculosis.  If,  therefore,  one  finds  a  patient  steadily 


40 


TEMPERAMENT 


41 


working  under  suitable  conditions  and  not  worrying  about 
his  health  the  prognosis  is  always  hopeful. 

It  often  happens  that  a  patient  with  a  temperament  that 
is  bad  for  a  tuberculous  subject  is  able  to  control  himself, 
and  eventually  becomes  reconciled  to  his  condition,  but 
many  patients  are  never  able  to  change,  and  for  them  the 
prognosis  is  very  grave.  It  is  often  possible  to  help  a  patient. 
If,  for  example,  he  is  getting  restless  and  unsettled  after 
some  months  in  a  sanatorium,  a  few  weeks’  leave  at  home  or 
with  friends  may  make  all  the  difference,  and  enable  him  to 
return  and  continue  the  treatment.  It  is  the  monotony  of 
life  which  tells  on  a  certain  type  of  patient  after  a  time. 

There  are  three  types  which  are  especially  bad  : — 

1.  The  patient  who  finds  the  necessary  restrictions  so 
extremely  irksome  that  he  has  to  disregard  them  in  order  to 
prevent  a  mental  breakdown.  The  same  applies  to  the 
patient  who  has  not  sufficient  self-control  to  regulate  his 
life  to  suit  his  state  of  health. 

2.  The  patient  who  is  over-nervous  and  unable  to  interest 
himself  in  anything  except  his  own  health.  This  class  of 
patient  is  continually  taking  his  temperature  and  is  in  a 
constant  state  of  anxiety  over  the  slightest  ache  or  symptom 
that  may  arise.  He  will  not  take  up  any  employment  even 
when  well  enough  to  do  so,  and  very  rarely  lives  long,  in 
spite  of  the  great  amount  of  trouble  and  thought  he  takes  of 
his  own  health. 

3.  The  opposite  type  of  patient,  who  cannot  realise  that 
there  is  any  need  to  take  precautions  unless  he  has  some 
definite  symptom,  such  as  haemoptysis,  is  also  unlikely  to  do 
well.  When  he  is  febrile  and  feeling  ill  he  will  consent  to  go 
to  a  sanatorium  and  do  his  best  to  get  well,  but  on  leaving 
the  sanatorium,  if  he  has  no  symptoms  and  feels  well,  he 
will  play  games  and  return  to  his  ordinary  life,  not  from 
lack  of  self-control,  but  because  he  thinks  he  is  cured.  An 
attack  of  haemoptysis  or  pleurisy  will  again  lead  him  to  seek 
advice,  but  as  soon  as  he  feels  well  he  once  more  returns  to 
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a  life  of  full  activity.  He  is  quite  willing  to  receive  treat¬ 
ment  when  he  has  a  breakdown,  but  does  not  see  the  necessity 
of  taking  any  steps  to  prevent  one. 

As  an  example  of  this  type  of  patient  the  following  case 
may  be  mentioned.  A  patient,  aged  thirty-two,  who  had 
always  been  healthy,  lived  an  active  and  athletic  life  and 
weighed  11  st.  5  lb.  In  April,  1928,  he  caught  a  cold,  which 
was  followed  by  a  cough,  sputum  developed  and  tubercle 
bacilli  were  found.  On  examination  occasional  crepitations 
after  cough  were  heard  at  the  right  apex,  but  there  were  no 
other  signs.  X-ray  showed  a  slight  shadow  at  the  right 
apex.  He  was  non-febrile  and  felt  well  in  himself.  He  was 
strongly  advised  to  have  a  period  of  rest,  followed  by 
sanatorium  training,  and  the  prognosis  was  considered  good. 
However,  he  refused  to  rest  or  go  into  an  institution,  saying 
that  he  was  not  ill  enough  for  sanatorium  treatment,  and 
felt  sure  that  he  would  get  well  after  a  short  open-air  holiday 
with  plenty  of  milk  and  good  food.  He  took  a  holiday, 
playing  golf  and  living  what  he  thought  an  ideal  life,  but  in 
May  he  had  lost  a  considerable  amount  of  weight  and  began  to 
feel  ill.  In  June  he  had  extensive  signs  in  the  upper  part  of 
the  right  lung,  crepitations  being  heard  as  low  as  the  angle 
of  the  scapula  behind.  At  the  root  of  the  left  lung  crepita¬ 
tions  were  heard  also,  and  X-ray  showed  great  extension  in 
the  right  lung  and  shadows  in  the  upper  part  of  the  left.  He 
rapidly  got  worse  and  died  in  December.  If  he  had  had  a 
large  haemoptysis  at  the  beginning  of  the  illness  it  would 
probably  have  saved  his  life,  as  he  would  have  treated  the 
condition  seriously  from  the  onset  and  had  treatment  in  the 
early  stages  of  the  disease.  Some  patients  who  have  arrived 
at  a  chronic  stage  of  the  disease  cannot  realise  that  they  must 
adjust  their  lives  to  meet  their  disability.  There  may  be 
dyspnoea  owing  to  extensive  fibrosis,  though  no  active 
disease.  The  patient  will  argue  that  he  cannot  be  well 
because  he  is  short  of  breath  when  he  runs  upstairs,  and 
therefore  he  needs  treatment.  He  will  not  meet  the  difficulty 
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by  abstaining  from  running  upstairs,  but  tries  treatment 
after  treatment.  This  is  the  type  of  patient  who  tries  the 
various  quack  “  cures.”  Most  of  these  cures  are  harmless, 
and  often  produce  a  temporary  benefit  if  the  patient  has 
faith.  Some,  however,  are  very  expensive,  and  indeed  it  is 
occasionally  the  high  cost  which  attracts  the  patient.  “  There 
are  some  fools  whom  none  but  knaves  can  serve.” 

Steady  work  or  an  interesting  hobby  is  the  best  treatment 
for  this  type  of  case. 

Environment. — It  is  necessary,  of  course,  to  distinguish 
between  a  bad  temperament  and  inability  to  have  the 
necessary  treatment,  or  to  lead  the  correct  life  owing  to 
financial  or  other  reasons.  The  patient  whose  home  con¬ 
ditions  are  good,  and  who  can  afford  a  reasonable  amount 
of  comfort,  has  a  far  better  chance  than  one  who  has  to 
return  from  a  sanatorium  to  poverty,  unsuitable  work  and 
bad  home  conditions.  In  judging  the  prognosis  the  greatest 
weight  must  be  given  to  the  sort  of  life  the  patient  will  have 
to  lead  after  his  treatment  in  finished. 

Extent  of  Disease. — The  extent  of  the  disease  is  also 
important,  and  it  has  been  found  that  patients  in  Group  II. 
of  the  Turban-Gerhardt  classification  (which  is  based  on  the 
anatomical  extent  of  the  disease)  have  a  greater  expectation 
of  life  than  those  in  Group  III.,  but  less  than  those  in  Group  I. 
Other  things  being  equal,  therefore,  the  greater  the  amount 
of  disease  the  worse  the  prognosis.  The  type  of  disease  is, 
however,  of  more  importance,  for  if  there  is  evidence  of 
resistance,  as  indicated  by  fibrosis  and  even  by  cavities,  the 
outlook  is  much  better  than  in  the  case  of  a  caseating  lesion 
which  spreads  rapidly  without  any  sign  of  arrest.  It  is  quite 
a  mistake  to  regard  a  cavity  as  indicating  a  bad  prognosis  ; 
it  is  the  result  of  Nature’s  method  of  cure. 

Response  to  Treatment. — The  response  of  the  patient  to 
treatment  is  a  very  valuable  guide  to  prognosis.  In  the 
great  majority  of  cases  a  patient  improves  when  he  first 
comes  under  treatment,  and  this  is  probably  due  to  the  rest, 
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which  is  the  basis  of  almost  every  form  of  treatment  in  the 
initial  stages,  but  after  a  few  weeks  some  patients  fail  to 
improve  or  begin  to  lose  ground,  and  for  these  the  outlook 
is  much  less  hopeful  than  for  the  patient  who  steadily 
improves,  and  is  able  to  go  from  stage  to  stage  of  the 
treatment  without  a  setback.  Temporary  relapses  do  occur 
during  convalescence  in  most  cases,  and  the  patient  must 
not  be  disheartened  by  one.  At  the  same  time  each  setback 
makes  the  outlook  less  hopeful.  For  example,  in  the  case  of 
a  patient  who  has  reached  a  quiescent  stage,  and  is  doing 
well,  but  has  had  three  relapses,  the  prognosis  is  worse  than 
in  one  who  has  reached  the  same  stage  of  improvement 
without  any  relapse  at  all. 

Age. — The  type  of  disease  varies  to  a  considerable  extent 
according  to  age.  In  young  children  tuberculosis  tends  to  be 
arrested  or  fixed  in  the  glands  ;  if  it  occurs  in  the  lungs  it 
is  frequently  part  of  a  general  infection  and  the  outlook  is 
hopeless.  The  prognosis  in  the  case  of  glandular  tuberculosis 
in  children  is  good.  Delicate  children  who  are  undergrown, 
and  perhaps  have  a  slight  dry  cough  with  some  enlarged 
hilum  shadows  seen  by  X-ray,  are  often  diagnosed  as  having 
tuberculous  mediastinal  glands,  and  no  doubt  some  of  them 
have,  but  they  are  no  more  likely  to  develop  tuberculosis  of 
the  lungs  than  other  children.  It  is,  of  course,  important  to 
improve  their  general  state  of  health,  and  a  prolonged  stay 
at  the  seaside  with  healthy  exercise  and  outdoor  games  is 
very  necessary  whether  the  debility  is  really  due  to  tubercu¬ 
lous  glands  or  not,  but  it  is  wrong  to  class  them  as  “  pre- 
tuberculous  ”  in  the  sense  that  they  are  liable  to  become 
consumptive. 

About  the  age  of  puberty  pulmonary  tuberculosis  usually 
runs  a  very  acute  course,  and  this  is  the  age  of  greatest 
mortality.  The  prognosis,  therefore,  is  very  grave,  although 
recovery  may  take  place  even  in  cases  which  appear  to  have 
very  extensive  and  rapidly-spreading  disease.  The  prognosis 
here  depends  to  a  great  extent  on  the  response  of  the  patient 
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to  treatment.  In  adult  life  the  disease  is  generally  chronic, 
and  arrest  takes  place  under  proper  treatment.  In  old  age 
pulmonary  tuberculosis  is  not  common,  but  when  it  does 
occur  the  prognosis  is  serious. 

Family  History. — This  is  usually  of  no  great  importance 
in  prognosis.  The  fact  that  an  aunt  or  cousin,  or  even 
brother  or  sister,  died  of  pulmonary  tuberculosis  does  not 
make  the  outlook  more  serious.  Indeed,  I  have  found  that 
patients  who  develop  an  acute  form  of  tuberculosis  of  the 
lungs  some  few  months  after  nursing  or  being  in  close  contact 
with  an  infected  relative,  often  respond  readily  to  treatment 
and  make  good  recoveries.  In  some  families,  however,  there 
seems  to  be  a  special  susceptibility  or  lack  of  resistance,  and 
one  must  take  a  grave  view  when  a  member  develops  the 
disease.  In  one  family  the  mother  died  of  pulmonary 
tuberculosis  when  thirty-three,  two  of  her  sisters  died  of  it 
between  twenty  and  thirty.  Her  son  died  of  acute  tuberculosis 
when  nineteen,  and  her  daughter  contracted  it  at  the  age  of 
twenty-three.  Although  her  general  condition  was  good 
and  the  signs  very  few  when  she  was  first  seen,  one  had  to 
take  the  family  history  into  account  in  giving  a  prognosis. 
The  disease  did  run  an  acute  course  and  she  lived  less  than 
a  year. 

I  once  saw  a  woman  of  sixty-five  with  signs  of  early 
pulmonary  tuberculosis,  but  the  disease  ran  a  rapid  course 
and  she  died  in  six  months.  A  few  weeks  before  she  became 
ill  she  had  been  nursing  her  sister,  who  died  of  the  same 
complaint.  Although  there  was  no  history  of  tuberculosis 
in  her  father’s  or  mother’s  family,  she  had  lost  two  brothers 
and  four  sisters  from  pulmonary  tuberculosis.  Their  ages 
at  death  were  thirty,  forty-four,  seventy-six,  seventy-six, 
seventy-eight  and  eighty-one. 

Drolet  (6)  records  an  investigation  into  the  effect  of 
heredity  on  tuberculosis.  He  came  to  the  opinion  that 
tuberculous  parents  confer  some  degree  of  immunity  on 
their  offspring  which  renders  them  actually  less  liable  to 
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contract  the  disease  than  are  the  children  of  healthy  parents. 
His  results  seem  to  show  that  children  do  not  inherit  any 
susceptibility  to  tuberculosis.  The  matter  is  affected  by 
many  factors,  such  as  contact  with  infection,  home  con¬ 
ditions,  other  illnesses,  etc.  Moreover,  the  difficulty  of 
following  up  all  members  of  the  family  throughout  the  whole 
of  their  lives  and  then  getting  reliable  evidence  of  death  is 
so  great  that  figures  are  apt  to  be  most  misleading.  Family 
histories  where  several  members  develop  tuberculosis  at 
about  the  same  age  are  not  uncommon,  and  frequently  the 
same  type  of  disease  attacks  each  member,  and  it  runs  a 
similar  course  in  each  case. 

It  is  difficult  to  explain  such  cases  without  supposing 
that  there  is  some  inherited  quality  which  renders  them 
susceptible.  Of  course,  children  brought  up  in  a  home  with 
tuberculous  parents  are  sure  to  be  infected,  and  apart  from 
any  inherited  predisposition,  repeated  mild  infections  might 
confer  some  immunity  and  large  infections  would  produce 
actual  disease. 

Dr.  Ford  (7)  studied  the  histories  of  over  1,000  cases  of 
pulmonary  tuberculosis  and  found  that  79-5  per  cent,  gave 
no  family  history  of  tuberculosis.  His  results  also  suggested 
that  a  family  history  of  tuberculosis  did  not  increase  the 
gravity  of  the  prognosis.  On  the  contrary,  he  found  that 
those  cases  whose  mothers  had  been  tuberculous  did  much 
better  than  the  others. 

Temperature. — Before  discussing  temperature  it  may  be  as 
well  to  say  a  few  words  about  the  best  method  of  taking  it. 

The  chief  difference  of  opinion  concerns  the  oral  and  rectal 
methods.  Probably  the  rectal  method  is  slightly  less  liable 
to  error  than  the  oral,  but  it  has  certain  disadvantages.  Not 
only  is  it  unpleasant  for  the  patient  or  nurse,  but  it  is 
undoubtedly  apt  to  aggravate  any  nervous  or  hypo¬ 
chondriacal  tendencies  on  the  part  of  the  patient.  A  patient 
who  has  been  accustomed  to  having  the  temperature  taken 
by  the  mouth  finds  himself  in  another  institution  where  it 
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is  taken  by  the  rectum.  If  neurotic  he  will  immediately 
think  that  the  slightest  variation  of  temperature  is  of  extreme 


Fig.  1. — Dotted  line,  rectal  temperature  ;  solid  line,  mouth  temperature. 

importance,  his  spirits  will  rise  and  fall  with  his  temperature, 
and  long  after  he  should  have  discarded  his  thermometer  he 
will  secretly  use  it,  and  a  mysterious  fit  of  depression  may 


Fig.  2. — Dotted  line,  rectal  temperature  ;  solid  line,  mouth  temperature. 

be  accounted  for  by  the  fact  that  his  rectal  temperature  was 
99-4  after  tea.  I  have  frequently  noticed,  especially  in 
foreign  institutions,  how  common  a  topic  for  conversation 
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is  the  temperature  chart,  and  what  a  bad  effect  it  has  on  the 
patients  as  a  whole.  It  is  quite  true  that  a  patient  may 
worry  about  a  temperature  taken  by  the  mouth,  but  it  has 
not  the  same  significance  to  most  of  them.  The  rectal 
method  suggests  that  the  slightest  rise  of  temperature  is  so 
vital  that  the  most  accurate  method  of  obtaining  it  must  be 
employed  and  the  natural  result  is  that  a  slight  elevation 
will  cause  the  patient  serious  anxiety.  I  do  not  wish  to 
underrate  the  value  of  the  temperature  chart  in  pulmonary 
tuberculosis.  On  the  contrary,  I  entirely  agree  with  Sir 
James  Kingston  Fowler  that  “  the  temperature  is  the  guide 
to  the  activity  of  the  disease,”  but  I  maintain  that  considera¬ 
tion  for  the  mentality  and  temperament  of  the  patient  if  of 
far  greater  importance  than  any  slight  difference  between 
rectal  and  oral  temperatures.  For  special  purposes,  such  as 
after  tuberculin  or  exercise,  in  diagnosis  a  rectal  temperature 
may  be  useful,  but  in  my  opinion  it  is  wrong  to  use  it  as  a 
routine.  I  have  often  had  the  temperature  taken  by  the 
mouth,  axilla  and  rectum  simultaneously  in  order  to  demon¬ 
strate  to  my  class  how  similar  are  the  curves,  and  for  the 
purpose  of  this  book  I  had  rectal  and  oral  temperatures 
taken  in  three  patients,  and  the  results  are  shown  in  Figs. 
1,  2  and  3.  The  higher  curve  is  the  rectal  temperature, 
but  it  will  be  found  to  rise  and  fall  exactly  as  the  oral  one, 
and  these  charts  support  my  contention  that  the  objections 
to  the  rectal  method  outweigh  its  advantages. 

With  regard  to  the  axillary  temperature,  this  also  corre¬ 
sponds  with  the  oral  and  rectal  methods,  but  the  axilla  must 
be  carefully  dried  first.  It  is  unreliable  to  take  the  tempera¬ 
ture  in  a  stream  of  urine. 

Dr.  Colin  Milne  (1)  writes  :  “  By  taking  the  oral  and 

rectal  temperatures  simultaneously,  twice  daily  for  three 
weeks  in  one  series,  I  found  the  tracings  on  the  charts  to  be 
almost  parallel,  the  rectal  being  the  higher  by  about  half  a 
degree.”  He  thinks  the  oral  method  of  taking  the  tempera¬ 
ture  is  the  most  suitable. 
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The  temperature  in  pulmonary  tuberculosis  may  be  taken 
as  an  exaggeration  of  the  normal  curve,  being  lowest  about 
4  a.m.  and  highest  between  6  to  9  p.m.  In  the  morning  from 
about  four  to  seven  it  remains  low,  and  then  gradually  rises, 
reaching  normal  about  ten.  It  remains  there  until  two  in  the 


Fig.  3. — Dotted  line,  rectal  temperature ;  solid  line,  mouth  temperature. 

f 

afternoon,  when  it  again  rises  until  6  p.m.,  and  then  reaches 
and  remains  at  its  maximum  until  9  or  10  p.m.,  at  which  time 
the  drop  begins.  Fig.  4  illustrates  the  usual  variation  in 
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Fig.  4. — Diagram  showing  the  daily  variation  of  temperature  in  the 

normal  subject. 

the  temperature,  and  it  will  be  seen  that  by  taking  an 
early  morning  and  evening  temperature  the  minimum  and 
maximum  can  be  obtained. 

When  there  is  a  big  difference  between  the  maximum  and 
minimum  the  temperature  is  called  hectic,  and  some  have 
thought  this  is  due  to  a  superadded  infection  by  pyogenic 
organisms.  Koch  thought  a  temperature  of  over  100-4  was 
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due  to  the  presence  of  septic  organisms,  and  consequently 
should  bo  taken  as  a  contra-indication  for  tuberculin.  It 
has  been  stated  that  various  forms  of  treatment,  climatic 
and  other,  should  depend  on  whether  the  case  is  a  pure 
tuberculosis,  or  complicated  by  mixed  infection,  and  it  has 
been  claimed  that  the  advent  of  mixed  infection  can  be 
diagnosed  by  the  temperature  chart.  Since  it  affects  treat¬ 
ment  and  prognosis,  as  well  as  our  views  of  the  course  of  the 
disease,  it  is  of  great  importance  to  consider  how  far,  if  at  all, 
the  temperature  in  tuberculosis  is  affected  by  secondary 
organisms.  Of  course,  in  long-standing  cases  of  pulmonary 
tuberculosis,  other  organisms  will  collect,  and  tuberculous 
patients  are  just  as  liable  as  any  to  fever  from  other  causes  ; 
but  there  is  no  doubt  that  typical  hectic  fever  is  seen  in  cases 
of  tuberculous  peritonitis,  pleurisy,  etc.,  where  post-mortem 
examination  shows  simply  tuberculous  disease.  Sir  James 
Kingston  Fowler  (2)  says  :  “  The  parrot  cry  of  mixed  infection 
does  not  come  from  the  pathologists.”  And  again :  “  the  term 
4  mixed  infection  ’  has  no  place  in  relation  to  pulmonary 
tuberculosis,  but  of  course  other  organisms  are  present  in 
the  lungs  when  breaking  down  of  the  lesions  and  the  forma¬ 
tion  of  cavities  is  in  progress.” 

Thus  we  may  consider  the  hectic  type  of  temperature  as 
an  extreme  exaggeration  of  the  normal,  and  as  indicating 
active  breaking  down  of  the  lung  tissue.  The  temperature 
is  the  guide  to  the  activity  of  the  disease,  and  all  degrees 
may  be  seen  from  the  hectic  in  rapidly-spreading  tuberculosis 
to  normal  in  the  chronic  fibrotic  disease  when  there  is  little 
or  no  spread.  It  must  not  be  forgotten,  however,  that  there 
may  be  gradual  spread  of  disease  in  a  fibroid  case  without 
pyrexia,  and,  of  course,  in  advanced  cases  where  resistance 
fails  the  terminal  stages  are  non-febrile. 

Apart  from  this  usual  type  of  fever,  varying  according  to 
the  acuteness  of  the  infection,  there  are  other  types  met  with 
in  tuberculosis.  In  the  inverse  type  (Fig.  5)  the  morning 
temperature  is  high  and  the  evening  low,  and  it  is  of  serious 
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import.  Sir  James  Kingston  Fowler  (2)  writes  that  of  30 
cases  of  tuberculosis  of  the  lungs,  mostly  of  the  chronic 
variety,  under  his  care  in  the  Brompton  Hospital,  in  which 
the  inverse  type  of  pyrexia  was  observed,  14  died  in  hospital, 
and  1  immediately 
after  returning  home  ; 

8  left  the  hospital 
worse  ;  5  were  relieved 
or  about  the  same  ; 

2  improved,  but  in 
these  the  inverse  type 
of  temperature  was  of 
only  temporary  duration,  being  present  twice  in  one  and 
eight  times  in  the  other. 

The  inverse  type  is  usually  seen  in  cases  of  remittent  fever. 
The  morning  rise  persists,  but  in  the  evening  the  patient 
fails  to  react,  and  consequently  there  is  no  rise  of  tempera¬ 
ture.  A  high  temperature  in  tuberculosis  can  usually  be 
reduced  by  such  drugs  as  cryogenin  or  pyramidon,  but  it 


Fig.  5. — Showing  inverse  type  of  temperature. 


Fig.  6. — Remittent  type  of  temperature.  At  a  the  patient  was 
given  cryogenin  gr.  v.  twice  daily  and  at  b  this  was  stopped. 

rises  again  as  soon  as  the  drugs  are  stopped.  In  some  cases 
of  high  remittent  fever  the  drug  reduces  the  evening  rise  of 
temperature,  but  has  little  or  no  effect  on  the  morning  one, 
so  that  an  inverse  type  of  temperature  results,  which  takes 
on  the  usual  form  again  as  soon  as  the  drug  is  discontinued. 
This  is  shown  in  Fig.  6. 

The  continuous  type  of  temperature  is  often  due  to  the 
occurrence  of  miliary  tuberculosis,  and  is  therefore  a  serious 

5—2 


52 


PROGNOSIS 


sign.  If  in  a  case  of  chronic  pulmonary  tuberculosis,  or 
pleural  effusion,  the  swinging  temperature  rises  and  the 
morning  intermissions  disappear,  as  shown  in  Fig.  7, 


Fig.  7. — Intermittent  type  of  temperature  becoming  continuous  and 
high  owing  to  the  onset  of  miliary  tuberculosis. 


miliary  tuberculosis  and  a  fatal  termination  must  be 
expected. 

The  most  serious  sign  is  when,  in  spite  of  much  active 
disease,  the  temperature  falls  to  normal  but  at  the  same  time 
the  patient  shows  signs  of  collapse.  This  indicates  failure  to 


Fig.  8. — Fall  of  temperature  owing  to  exhaustion  of  the  patient. 


react  and  complete  loss  of  resistance,  and,  as  seen  in  Fig.  8,  is 
usually  followed  by  a  fatal  issue  in  a  few  days,  but  a  similar 
fall  of  temperature  associated  with  improved  condition  of 
the  patient  would  be  a  very  good  sign.  Fig.  9  shows  an 
intermittent  temperature,  becoming  remittent  as  the  disease 
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progressed.  At  the  onset  the  temperature  was  quite  con¬ 
sistent  with  a  favourable  course,  but  as,  in  spite  of  rest  and 
other  treatment,  it  not  only  failed  to  subside  but  grew  worse, 
the  prognosis  became  increasingly  grave,  and  the  patient 
died  later  with  tuberculous  broncho-pneumonia. 

A  persistent  but  slight  rise  of  evening  temperature  from 
99°  to  99-4°  F.  is  usually  not  due  to  pulmonary  tuberculosis, 
but  to  some  complication,  such  as  tuberculous  peritonitis  or 
pleurisy.  It  may  persist  for  many  months,  as  in  the  following 
case  :  the  patient,  a  man  of  twenty-three,  developed  pul¬ 
monary  tuberculosis,  and  after  a  few  months  in  a  sanatorium 
he  improved,  the  signs  in  the  chest  showed  that  satisfactory 
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Fig.  9.- — Intermittent  type  of  temperature  becoming  remittent 
owing  to  increased  activity  of  disease. 

fibrosis  was  taking  place,  tubercle  bacilli  disappeared  from 
the  sputum,  and  eventually  the  sputum  dried  up  altogether. 
In  spite  of  these  favourable  signs  he  continued  to  feel 
slack,  and  he  always  had  an  evening  temperature  of  between 
99°  and  100°  F.,  whether  he  was  resting  or  up  and  about. 
He  left  the  sanatorium  and  was  living  a  quiet  but  fairly 
normal  life  at  home,  when  suddenly,  about  eighteen  months 
after  the  onset  of  his  symptoms,  he  had  an  acute  attack  of 
vomiting  and  abdominal  pain,  which  was  thought  to  be  due 
to  food  poisoning  as  it  occurred  immediately  after  a  picnic. 
Five  months  later  he  had  another  attack,  and  laparotomy 
was  performed.  Extensive  tuberculous  peritonitis  was 
found,  and  there  were  many  adhesions,  some  of  which  were 
divided  as  they  were  obstructing  the  intestine.  A  period  of 
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rest  following  the  operation  restored  him  to  health,  and  he 
no  longer  has  the  evening  rise  of  temperature. 

Lastly,  there  are  two  types  of  periodic  fever  in  tubercu¬ 
losis.  One  is  seen  in  women  and  occurs  as  a  slight  pre¬ 
menstrual  rise,  beginning  a  week  or  ten  days  before  each 
period  and  rapidly  falling  after  the  first  or  second  day  of 
menstruation.  Such  a  slight  variation  in  temperature  is  not 
peculiar  to  tuberculous  patients,  and  is  of  no  significance  in 
prognosis,  but  occasionally  there  is  a  definite  rise  of  tempera¬ 
ture  to  101°  F.  or  102°  F.  for  a  day  or  two  before  each  period. 
This  is  very  similar  to  a  tuberculin  reaction,  and  passes  off 
when  the  period  begins.  These  menstrual  reactions  are  very 
rare,  and  are  not  of  serious  import.  I  have  failed  to  prevent 
them  by  giving  antituberculous  serum. 

A  second  type  of  periodic  fever  may  occur  every  few 
weeks  or  months,  and  is  usually  associated  with  pocketing 
of  sputum  in  a  cavity  or  dilated  bronchi.  The  patient  coughs 
up  a  large  quantity  of  sputum  for  a  day  or  two,  and  then  the 
temperature  falls  and  the  health  improves  for  a  time,  when 
the  same  occurrence  is  repeated.  Prognosis  in  these  cases 
depends  on  the  severity  of  the  symptoms  and  the  response 
of  the  patient  to  treatment,  such  as  postural  drainage, 
phrenic  evulsion,  etc. 

The  following  conclusions  may  be  drawn  concerning  the 
value  of  the  temperature  in  prognosis  : — 

1.  Pyrexia  must  be  considered  in  conjunction  with  other 
factors  in  regard  to  prognosis.  For  example,  although  a 
normal  temperature  is  usually  of  good  import,  progressive 
fibrotic  disease  may  occur  without  causing  a  rise  of  tempera¬ 
ture  and  absence  of  temperature  may  be  due  to  failure  of 
resistance  in  the  terminal  stages  of  the  disease. 

2.  The  temperature  is,  however,  the  best  guide  to  the 
activity  of  the  disease.  Other  things  being  equal,  the  best 
prognosis  should  be  given  in  cases  who  are  not  febrile  in  spite 
of  exercise,  and  the  worst  in  those  who  remain  febrile  in 
spite  of  rest  in  bed.  An  intermediate  position  is  occupied 
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by  those  who  are  not  febrile  whilst  at  rest,  but  febrile  after 
exertion.  The  less  exercise  it  takes  to  send  up  the  tempera¬ 
ture  the  more  serious  becomes  the  outlook. 

3.  The  inverse  type  of  temperature  is  of  serious  import. 

4.  When  the  type  of  temperature  changes  to  a  high  con¬ 
tinuous  pyrexia  the  prognosis  is  very  bad,  for  it  indicates 
the  occurrence  of  miliary  or  generalised  tuberculosis. 

5.  A  prolonged  slight  elevation  of  the  temperature  is 
usually  due  to  some  cause,  such  as  tuberculous  pleurisy  or 
peritonitis. 

6.  Prognosis  in  cases  of  periodic  rise  of  temperature 
depends  on  the  cause  of  the  rise  and  the  response  of  the 
condition  to  treatment.  Slight  premenstrual  rise  of  tempera¬ 
ture  is  of  no  significance. 

Sedimentation  Test. — Although  this  test  is  now  considered 
to  be  of  little  value  in  diagnosis,  it  is  of  undoubted  use  in 
prognosis  and  in  determining  the  patient’s  response  to 
treatment. 

The  test  depends  on  observing  the  rate  at  which  the 
erythrocytes  fall,  leaving  clear  serum  above  in  a  column  of 
blood.  There  are  many  methods  of  performing  the  test.  Some 
workers  prefer  to  get  the  blood  from  a  vein,  but  the  following 
technique  described  by  Drs.  Trail  and  Stone  (3)  has  the 
advantage  of  requiring  only  a  few  drops  of  blood  from  a 
pricked  finger  or  ear  : — 

“  To  two  volumes  of  a  sterile  solution  of  3*8  per  cent, 
sodium  citrate  eight  volumes  of  blood  are  added.  The  unit 
of  volume  is  one  drop  of  blood  from  a  broad-ended  glass 
pipette  ;  the  blood  is  drawn  from  an  ear  or  finger  and  mixed 
in  a  watch  glass.  A  column  of  the  diluted  blood,  4  in. 
( i.e .,  100  mm.)  long,  is  drawn  by  capillary  attraction  into  a 
fine  glass  tube  about  6  in.  long  and  2  mm.  bore.  The  tube 
is  sealed  with  sealing  wax  and  placed  vertically  in  a  bed  of 
plasticine.  In  this  investigation  the  length  of  the  clear  fluid 
column  above  the  sedimented  red  cells  was  measured  at  the 
end  of  an  hour,  in  millimetres,  thus  giving  the  result  directly 
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as  a  percentage.  Any  reading  above  6  mm.  for  a  man  or 
12  mm.  for  a  woman  is  considered  abnormal.” 

In  a  series  of  360  patients  at  Midhurst  Sanatorium,  Drs. 
Trail  and  Stone  found  that  of  these  318  were  clinically  cases 
of  pulmonary  tuberculosis  and  42  were  not.  Of  the  318  an 
increased  sedimentation  rate  was  observed  in  309  (97  per 
cent.),  but  of  the  42  the  rate  was  increased  in  only  13  (31  per 
cent.).  They  took  a  further  series  of  100  T.B.  positive  cases, 
who  were  under  ordinary  routine  sanatorium  treatment,  and 
examined  their  sedimentation  rate  over  a  period  of  at  least 
four  months.  The  clinical  condition  of  these  patients  on 
discharge  fell  into  three  groups  : — 

A.  Improved  or  arrested  with  T.B.  negative  sputum.  In 
this  group  the  average  range  of  sedimentation  was  from  23 
on  admission  to  12  on  discharge. 

B.  Improved  but  still  T.B.  positive.  In  this  group  the 
sedimentation  rate  ranged  from  32  on  admission  to  22  on 
discharge. 

C.  Stationary  or  worse.  Here  the  sedimentation  rate 
started  at  31  and  ended  at  32. 

They  point  out  the  fallacy  of  taking  an  isolated  sedimenta¬ 
tion  reading,  as  the  rate  is  affected  by  many  conditions,  such 
as  pleurisy,  development  of  fluid  in  pneumothorax  cases, 
worry,  colds,  teeth  extraction,  etc.  They  regard  a  patient 
with  a  sedimentation  rate  of  over  30  per  cent,  as  unlikely  to 
improve  under  ordinary  sanatorium  treatment.  Failure  of 
the  sedimentation  rate  to  improve  under  treatment  suggests 
a  bad  prognosis,  or  that  the  treatment  is  not  being  successful, 
and  new  methods  should  be  tried. 

Professor  Cummins  (4)  has  published  some  investigations 
into  the  value  of  the  sedimentation  test  and  Arneth  count. 
He  writes  :  “  While  neither  the  sedimentation  test  nor  the 
nuclear  index  provides  new  information  unobtainable  by 
ordinary  clinical  methods  they  afford  two  additional  methods 
of  measuring  the  constitutional  balance  of  a  case  before, 
during  and  after  treatment.” 
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He  carries  out  the  sedimentation  test  with  a  small  volume 
of  blood  obtained  from  a  pricked  finger.  For  the  Arneth 
test  the  nuclear  divisions  of  100  successive  polymorpho¬ 
nuclear  leucocytes  are  counted  and  the  total  recorded. 

Dr.  Heaf  (5)  uses  a  larger  quantity  of  blood,  and  he 
describes  his  technique  as  follows  :  “  0*4  c.cm.  of  a  3-8  per 
cent,  solution  of  sodium  citrate  in  sterile  distilled  water  is 
drawn  up  into  a  2  c.cm.  syringe.  The  patient’s  vein  is  then 
punctured  and  1*6  c.cm.  of  blood  withdrawn.  The  contents 
of  the  syringe  are  placed  slowly  into  a  small  gallipot,  care 
being  taken  that  the  apparatus  is  dry  and  to  avoid  air 
bubbles  in  the  citrated  blood.  A  pipette  holding  1*25  c.cm. 
graduated  in  200  divisions  is  taken  and  the  citrated  blood 
thoroughly  mixed.  It  is  finally  sucked  up  to  the  200  mark 
on  the  pipette,  care  being  taken  to  obtain  a  column  of  blood 
without  air  bubbles.  The  pipette  is  placed  in  a  vertical 
position  in  a  stand.  Readings  of  the  height  of  the  column 
of  red  blood  corpuscles  are  taken  after  the  1st,  2nd,  3rd,  4th, 
6th,  9th,  12th,  18th  and  24th  hours.”  He  claims  that  this 
method  allows  a  series  of  readings  over  twenty-four  hours 
to  be  taken,  and  that  the  bore  of  the  pipette  is  so  wide  that 
if  a  number  of  red  cells  adhere  together  the  clot  will  not 
affect  the  sedimentation  rate,  as  is  the  case  in  a  capillary  tube. 

With  reference  to  prognosis  Dr.  Heaf  found  that  the  rate 
of  sedimentation  was  increased  in  cases  in  which  the  disease 
was  obviously  progressing,  and  decreased  in  cases  in  which 
the  lesion  was  becoming  arrested.  Of  150  patients  whom  he 
watched  for  from  six  to  ten  months  it  was  found  that 
prognosis  based  on  a  series  of  sedimentation  tests  was  correct 
in  82  per  cent. 

Vernes’  Resorcin  Test. — This  was  first  used  in  cases  of 
syphilis  and  later  applied  to  tuberculosis.  It  depends  on 
the  degree  of  turbidity  of  the  serum,  which  is  measured  by 
a  complicated  apparatus  known  as  the  Vernes-Brieg-Yvon 
photometer  (10).  The  blood  should  not  be  taken  until  at 
least  three  hours  after  a  meal,  for  otherwise  the  serum  may 
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be  cloudy.  A  few  cubic  centimetres  of  blood  are  taken  from 
a  vein  and  allowed  to  clot.  The  serum  is  decanted,  centri¬ 
fuged,  and  again  decanted.  This  clear  serum  may  be  kept 
on  ice  for  a  time,  but  should  be  used  within  twenty-four 
hours.  0-6  c.cm.  of  this  serum  is  added  to  0-6  c.cm.  of  1-25 
per  cent,  solution  of  resorcin  in  doubly  distilled  water,  and 
is  immediately  examined  in  the  pholometer  to  determine 
the  optic  density.  Four  hours  later  the  optic  density  is 
again  taken.  If  the  difference  between  the  two  readings  is 
under  15,  active  tuberculosis  can  be  excluded,  whereas  a 
reading  of  over  30  is  said  to  indicate  an  active  lesion.  Read¬ 
ings  between  15  and  30  may  be  regarded  as  suspicious. 
Vernes  claims  that  the  test  will  enable  one  to  eliminate  the 
so-called  larval  forms  of  tuberculosis,  and  determine  the 
nature  of  a  pleurisy  or  pulmonary  focus  of  doubtful  origin. 
It  can,  moreover,  be  used  to  follow  and  control  the  results  of 
treatment. 

Dr.  Jordan  (11)  describes  the  results  of  the  test,  and  Drs. 
Ralph  and  Davies  (12)  applied  the  test  to  200  patients  with 
proved  tuberculosis,  150  suffering  from  some  disease  other 
than  tuberculosis  and  to  25  normal  individuals. 

The  average  optic  density  for  the  cases  of  acute  tubercu¬ 
losis  was  95,  but  in  convalescent  cases  it  was  between  40  and 
50.  The  average  figure  for  inactive  tuberculosis  was  28,  but 
in  6  it  was  below  15,  although  tubercle  bacilli  were  present 
in  the  sputum. 

In  typhoid  fever  the  average  during  the  second  week  was 
55.  Advanced  malignant  disease  was  usually  above  100, 
and  one  case  of  carbuncle  was  269. 

All  of  the  twenty-five  normal  cases  gave  a  reading  below 
15,  but  one  of  them  subsequently  developed  a  common  cold, 
and  the  test  was  given  again  and  found  to  be  77.  A  month 
later  it  was  again  taken,  and  had  fallen  to  2.  It  is  clear, 
therefore,  that  the  test,  like  the  sedimentation  test,  is 
affected  by  other  conditions  as  well  as  tuberculosis.  Drs. 
Ralph  and  Davies  came  to  the  conclusion  that  the  Vernes 
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test  cannot  be  considered  specific  for  tuberculosis,  and  that 
its  chief  value  in  diagnosis  is  that  a  figure  below  30  contra¬ 
indicates  active  tuberculosis  ;  the  converse  does  not  obtain. 

Vital  Capacity. — The  vital  capacity  is  definitely  lowered 
in  pulmonary  tuberculosis,  so  that  a  normal  finding  may  be 
taken  as  useful  evidence  against  this  disease,  although  a 
positive  one  is  no  evidence  in  its  favour.  The  vital  capacity 
increases  if  the  patient  improves  and  decreases  if  he  becomes 
worse,  and  is  therefore  a  good  method  of  observing  the 
effects  of  treatment.  It  is  also  of  value  in  prognosis, 
especially  if  repeated  readings  are  taken.  It  is  very  neces¬ 
sary  to  take  great  care  in  obtaining  the  vital  capacity  or 
the  readings  will  be  inaccurate.  I  use  the  spirometer  of 
C.  Verdin,  made  by  Boulitte  in  Paris. 

The  patient  should  be  seated  comfortably  in  such  a 
position  that  he  cannot  see  the  dial  of  the  spirometer.  He 
should  inspire  to  his  fullest  capacity  and  then  expire  com¬ 
pletely  but  slowly  into  the  mouthpiece  of  the  spirometer. 
At  first  many  patients  fail  to  take  a  full  inspiration,  or  to 
empty  their  lungs  completely,  but  with  a  little  practice  they 
understand  what  they  are  required  to  do.  The  first  two  or 
three  readings  should  be  ignored  and  the  patient  encouraged 
to  try  again,  until  it  is  found  that  each  time  he  gives  the 
same  vital  capacity.  It  has  been  stated  that  patients  can 
increase  their  vital  capacity  with  practice,  but  this  is  not 
really  the  case,  and  it  will  be  found  that  the  capacity  for  a 
given  patient  is  remarkably  constant  when  once  he  has  been 
taught  what  to  do. 

Professor  Dreyer  showed  that  definite  relationships  exist 
between  vital  capacity  and  certain  body  measurements, 
and  he  published  (8)  a  book  containing  tables  showing  what 
the  normal  capacity  should  be  under  various  conditions. 
With  Professor  Dreyer  (9)  I  studied  vital  capacity  in  relation 
to  pulmonary  tuberculosis  and  found  that  of  267  cases  with 
tubercle  bacilli  in  the  sputum  the  vital  capacity  was  above 
normal  in  one  only.  This  patient  had  tubercle  bacilli  dis- 


60 


PROGNOSIS 


covered  in  the  sputum  once  when  he  had  a  cough  following 
a  cold  ;  they  were  not  found  at  any  subsequent  examination. 
X-ray  and  physical  examinations  failed  to  reveal  any  sign 
of  disease,  and  he  returned  to  work  and  kept  well  without 
developing  any  signs  of  clinical  tuberculosis. 


In  our  series  it  was  found  that  vital  capacity  does  diminish 
as  the  extent  of  the  disease  increases,  but  still  more  does  it 
diminish  with  increasing  toxaemia. 


The  following  case  shows 
capacity  as  the  patient  grows 

the  gradual 
worse  : — 

decline  in  vital 

1920.  March.  Vital  capacity  . 

—  33*1  per  cent. 

May. 

55  • 

—  36*0 

September. 

5  5 

-  37-2  „ 

December. 

55  • 

—  41-4 

1921.  February. 

5  5 

-  52-0  „ 

May. 

55  • 

-  52-0  „ 

The  patient  died  in  June,  1921. 

The  following  two  readings  were  taken  from  an  acute  case. 
The  patient  became  ill  in  February  and  died  in  July.  In 
March  the  vital  capacity  was  —  16-9  per  cent.,  in  May  it 
was  —  62  per  cent. 

The  following  readings  were  taken  from  a  chronic  fibroid 
case,  and  it  will  be  noticed  how  constant  they  remain  whilst 
the  condition  of  the  patient  kept  practically  the  same  : — - 


1919. 

April 

Vital  capacity  . 

—  24-5  per  cent. 

1921. 

May. 

5  5 

-  210  „ 

1922. 

March. 

5  5 

-  20*2  „ 

Even  in 

advanced 

cases  of  fibrosis  the 

vital  capacity 

remains  constant  provided  the  condition 

of  the  patient 

remains  un 

changed,  as 

the  following  readings 

;  indicate  : — 

1919. 

April. 

Vital  capacity  . 

—  50-0  per  cent. 

1920. 

February. 

5  5  • 

-  50-6 

1921. 

April. 

5  5 

-50*7  „ 

1922. 

March. 

55 

-51-9  „ 

COMPLICATIONS 


61 


A  good  prognosis  is  suggested  when  the  vital  capacity 
is  nearly  normal,  improves  under  treatment,  or  remains 
constant  whilst  the  patient  is  leading  an  ordinary  life. 

A  bad  prognosis  is  probable  if  the  vital  capacity  falls  as 
soon  as  the  patient  begins  to  take  exercise,  and  the  outlook 
is  still  more  serious  if  the  capacity  gradually  becomes  worse 
during  treatment.  A  low  vital  capacity  is  produced  by 
many  other  conditions  besides  tuberculosis,  and  provided 
it  remains  constant  it  does  not  necessarily  indicate  a  bad 
prognosis. 

Complications. — The  development  of  certain  complications, 
such  as  meningitis  or  enteritis,  make  the  prognosis  hopeless. 
Toxic  diarrhoea  must  be  distinguished  from  ulceration  of  the 
intestine.  Tuberculous  peritonitis  occurring  during  tubercu¬ 
losis  of  the  lungs  usually  proves  fatal  if  accompanied  by 
continuous  pyrexia.  Patients  often  live  for  many  months, 
but  it  is  a  far  more  serious  condition  than  tubercrdous 
peritonitis  occurring  in  a  patient  whose  lungs  are  healthy. 
Tuberculous  laryngitis  was  formerly  thought  to  be  a  fatal 
complication,  but,  although  it  undoubtedly  adds  to  the 
gravity  of  the  disease  under  modern  treatment  many  patients 
recover. 

Haemoptysis  rarely  proves  fatal,  and  it  has  been  said  that 
patients  do  not  die  of  haemoptysis,  but  after  it.  The  after¬ 
effects,  and  especially  tuberculous  broncho-pneumonia,  are 
certainly  more  dangerous  than  the  haemorrhage  itself.  Some 
patients  are  liable  to  repeated  attacks  of  haemoptysis,  and 
many  of  them  live  for  years,  and,  except  that  they  have  to 
rest  for  a  few  days  during  each  attack,  they  maintain  a  good 
standard  of  health.  The  prognosis  is  always  uncertain  in 
such  cases,  owing  to  the  possibility  of  an  acute  exacerbation 
following  haemoptysis.  A  sudden  or  large  haemoptysis  is 
not  common,  but  more  often  occurs  in  the  chronic  fibrotic 
type  of  case  with  large  cavities  than  in  other  types  of  the 
disease. 

Haemoptysis  may  actually  improve  the  prognosis  by 
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drawing  attention  to  disease  which  might  not  otherwise  have 
been  detected,  and  more  especially  by  alarming  the  patient, 
and  thus  making  him  willing  to  undergo  thorough  treatment 
at  the  beginning  of  his  illness  instead  of  waiting  until  the 
disease  has  passed  into  the  incurable  stage. 
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CHAPTER  VI 


CERTAIN  COMPLICATIONS 
Haemoptysis 

Much  has  been  written  about  the  treatment  of  haemop¬ 
tysis  and  the  number  of  remedies  advocated  bears  testimony 
to  their  failure. 

The  first  point  to  remember  when  confronted  with  a  case 
is  that  it  is  a  most  alarming  occurrence  for  the  patient  and 
his  friends,  and  it  is  necessary  to  reassure  them  and  give 
them  confidence. 

The  second  point  is  that,  although  something  definite 
must  be  done  to  calm  the  patient,  some  methods  of  treat¬ 
ment  are  actually  harmful,  and  even  if  one  cannot  stop 
the  haemorrhage  one  can  at  least  avoid  making  it  worse. 

The  bleeding  may  vary  from  a  mere  staining  of  the 
sputum  to  a  large  and  fatal  haemoptysis,  although  such  a 
serious  one  is  rare.  Patients  do  not  die  of  haemoptysis,  they 
die  after  it  as  a  result  of  its  complications.  A  large  haemop¬ 
tysis  usually  comes  from  a  ruptured  vessel  or  an  aneurysm 
of  the  pulmonary  artery  in  a  cavity,  a  small  one  from 
capillary  congestion.  The  blood  may  come  from  the  systemic 
(bronchial  vessels)  and  not  from  the  pulmonary  circulation, 
and  in  any  case  pulmonary  pressure  is  not  of  the  first 
importance,  since  whether  raised  or  lowered  the  same  quan¬ 
tity  of  blood  has  to  pass  through  the  pulmonary  system,  as 
all  blood  leaving  the  left  ventricle  has  to  go  through  the 
lungs  and  right  side  of  the  heart. 

Drugs  given  for  the  purpose  of  affecting  the  pressure  are 
of  doubtful  value  therefore,  and  they  would  probably  be 
actually  harmful  but  for  the  fact  that  if  they  do  have  any 
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effect  on  the  blood  pressure  at  all  it  is  very  transient.  Drugs 
such  as  amyl  nitrite,  adrenalin,  pituitrin  and  ergot  are  best 
avoided.  Adrenalin  is  said  to  constrict  the  peripheral 
arteries  except  the  pulmonary,  which  it  does  not  affect,  and 
the  cerebral  and  coronary  arteries,  which  it  causes  to  dilate  ; 
pituitrin  is  said  to  lower  the  pulmonary  but  raise  the  general 
blood  pressure.  In  practice,  however,  no  effect  is  produced 
on  haemoptysis.  Turpentine  is  harmless  in  small  doses  but 
poisonous  in  large  ones,  and  even  large  doses  taken  by  the 
mouth  have  no  effect  whatever  on  haemoptysis.  Cold  drinks 
or  sucking  ice  have  been  advocated,  but  they  dilate  the  pul¬ 
monary  vessels  and  tend  to  increase  the  haemorrhage.  Hot 
drinks  constrict  the  vessels,  but  have  a  stimulant  effect  and 
should  be  avoided.  An  ice-bag  applied  to  the  chest  is  said 
to  constrict  the  vessels  beneath  it.  I  have  never  seen  it  have 
any  effect  on  the  haemorrhage,  but  it  may  soothe  the  patient 
and  so  have  a  good  mental  effect. 

Sodium  chloride  given  by  mouth  (3i.  in  water  §v.)  or 
intravenously  (5  c.cm.  of  a  10  per  cent,  solution)  has  also  been 
advocated  and  is  said  to  increase  the  coagulability  of  the 
blood  by  drawing  into  the  blood  stream  tissue  fluid  and  so 
thrombokinase.  If  given  by  the  mouth  it  may  cause  vomit¬ 
ing,  which  I  think  should  be  avoided,  although  some  advocate 
emetics  partly  because  they  tend  to  clear  the  bronchial  tubes 
and  partly  because  the  effort  of  vomiting  may  rupture  the 
bleeding  vessel  and  so,  by  allowing  the  ends  to  contract,  stop 
the  haemorrhage. 

Horse  serum  is  quite  useless  in  my  experience,  and  I  have 
not  seen  any  good  results  from  haemostatic  serum  or  coagulen- 
ciba,  given  subcutaneously.  In  one  ease  I  injected  coagulen- 
ciba  through  the  circo-thyroid  membrane  into  the  trachea, 
but  it  had  no  effect. 

Calcium  chloride  increases  the  coagulation  rate  of  the 
blood  considerably.  H.  Elving  (2)  found  the  rate  altered 
from  five  and  half  minutes  to  half  minute  in  one  case  after  the 
intravenous  injection  of  20  c.cm.  of  a  15  per  cent,  solution  of 
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calcium  chloride.  Many  cases  have  been  described  where 
haemoptysis  has  stopped  rapidly  after  such  an  injection,  but 
it  tends  to  stop  automatically,  and  I  have  never  convinced 
myself  that  this  result  was  due  to  the  calcium  in  any  of  my 
cases.  Osier  pointed  out  that  treatment  which  might  do 
good  in  a  case  of  congested  mucosa  would  be  as  much  out  of 
place  in  haemorrhage  from  a  ruptured  pulmonary  aneurysm 
as  in  a  cut  radial  artery.  However,  any  effect  the  calcium 
did  have  would  be  for  the  good  and  it  is  quite  rational  to  use 
it  in  certain  cases. 

Morphia  is  advocated  by  one  school  and  denounced  by 
another  in  the  treatment  of  haemoptysis.  Riviere  (3)  dis¬ 
cusses  the  advantages  and  disadvantages  of  opiates  and  gives 
a  very  full  account  of  the  various  methods  of  treating 
haemoptysis.  He  says  that  the  modern  tendency  is  : — 

1.  To  delay  the  use  of  narcotics  in  large  haemorrhages  so 
that  cough  may  be  efficient  in  clearing  the  tubes. 

2.  To  avoid  their  routine  use. 

3.  To  replace  morphine  by  codein,  heroin  or  dionin. 

At  the  conclusion  of  his  paper  he  points  out  that,  after  all, 
the  outcome  of  haemoptysis  in  any  individual  case  is  “on 
the  knees  of  the  Gods,”  and  commonsense  methods  to  assist 
Nature  are  all  that  can  really  be  done  apart  from  collapsing 
the  lung.  To  this  I  would  repeat  my  warning  of  the  possi¬ 
bility  of  doing  harm  by  over-treatment.  Riviere  said 
“  Nature’s  method  will  here  be  plugging  of  the  area  around 
with  blood  clot — until,  soon,  her  concern  for  clear  air  tubes 
leads  her  to  defeat  these  efforts  by  the  induction  of  cough. 
How  clear  a  passage  can  be  steered  under  such  circumstances 
between  the  Scylla  of  infarcted  lung  with  its  threat  of  pneu¬ 
monia  or  subsequent  tuberculosis,  and  the  Charybdis  of 
continuing  haemorrhage  is  for  the  physician  to  ponder,  for  he 
holds  the  fatal  rudder,  opium  and  its  derivatives,  in  his 
hands.” 

One  view  is  that  haemoptysis  is  not  often  fatal,  and  in  the 
rare  cases  when  it  did  prove  fatal  morphia  would  not  have 
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saved  the  patient.  On  the  other  hand,  tuberculous  broncho¬ 
pneumonia  or  bronchitic  spread  of  the  infection  does  develop 
not  infrequently  after  a  haemoptysis,  and  this  is  due  to 
blood  getting  into  the  bronchi  and  remaining  there.  Treat¬ 
ment  should  be  to  clear  the  bronchi,  whereas  morphia  tends 
to  prevent  cough.  All  this  is  perfectly  true,  but  a  small 
amount  of  morphia  does  not  prevent  cough  and  certainly 
does  not  lead  to  accumulation  of  blood  in  the  tubes  any 
more  than  natural  sleep  does,  and  it  does  undoubtedly  pacify 
the  patient.  Most  physicians  will  agree  that  it  is  bad  prac¬ 
tice  to  keep  a  patient  deeply  under  the  influence  of  morphia 
or  to  give  an  injection  of  morphia  every  time  a  fresh 
haemoptysis  occurs,  but  an  initial  injection  at  the  onset 
does  no  harm  whatever.  On  the  contrary,  it  does  a  great 
deal  of  good  by  calming  the  patient  and  preventing  restless¬ 
ness.  It  must  be  admitted  that  blood  should  not  be  allowed 
to  remain  in  the  bronchial  tubes,  but  too  much  coughing 
undoubtedly  breaks  clots  which  have  formed  over  the 
bleeding  surface  and  the  violent  expiratory  and  inspiratory 
efforts  of  cough  prevent  clotting  and  increase  the  haemor¬ 
rhage.  In  order  to  clear  the  tubes  of  blood  some  advocate 
the  ambulatory  treatment  of  haemoptysis.  The  patient  is 
allowed  out  of  bed,  given  stimulants  and  even  emetics. 
Whilst  admitting  the  danger  of  broncho-pneumonia  or 
spread  of  disease  after  haemoptysis,  I  think  it  is  far  more 
dangerous  to  allow  a  patient  to  walk  about  and  to  encourage 
too  much  coughing. 

In  order  to  decrease  the  quantity  of  blood  passing  through 
the  lungs  the  thighs  have  been  bandaged  sufficiently  tightly 
to  stop  the  venous  circulation.  After  an  hour  and  a  half  or 
two  hours  one  arm  is  bandaged  and  one  thigh  unbandaged, 
and  then  the  other  arm  is  bandaged  and  the  thigh  un¬ 
bandaged.  Half  an  hour  later  first  one  arm  and  then  the 
other  are  unbandaged.  This  method  is  also  said  to  increase 
the  thrombokinase  in  the  blood,  since  the  bandaging  pro¬ 
duces  oedema,  and  on  unbinding  the  limbs  the  tissue  fluid 
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flows  into  the  blood  stream.  A  similar  result  is  said  to  follow 
dry  cupping  the  back  or  abdomen. 

In  a  severe  case  of  haemoptysis  artificial  pneumothorax 
should  be  induced  if  one  can  determine  from  which  lung  the 
blood  is  coming  :  300  or  400  c.cm.  of  air  introduced  into  the 
pleural  cavity  are  usually  sufficient  to  stop  the  bleeding. 
Formerly  I  used  to  give  a  large  initial  quantity  of  air,  but 
now  I  do  not  think  it  necessary.  Should  the  first  injection 
fail  to  check  the  haemorrhage  it  is  easy  to  give  another  one, 
and  if  too  much  air  is  given  at  once  a  reaction  is  apt  to  occur 
and  add  to  the  patient’s  discomfort,  even  if  no  harm  is 
done. 

One  patient,  a  girl  of  eighteen,  had  slight  haemoptysis  in 
August,  1920.  She  quickly  recovered,  but  was  found  to  have 
a  lesion  at  the  apex  of  the  right  lung  and  T.B.  were  found  in 
the  sputum.  On  December  18th  haemoptysis  returned  and 
she  coughed  up  5  oz.  of  blood,  on  the  19th  8  oz.,  and  on  the 
morning  of  the  20th  another  8  oz.  In  the  afternoon  of  the 
20th  she  was  coughing  up  a  quantity  of  blood  and  a  right 
artificial  pneumothorax  was  induced  :  1,400  c.cm.  of  air  were 
given  and  the  intrapleural  pressure  was  raised  from  —11—8 
to  — ■  1  -f*  5.  She  had  no  further  haemoptysis.  The  first  refill 
was  given  two  days  later,  the  first  few  injections  being  as 
follows  : — 


December  20th,  1920. 


?  5 


22nd 

26th 

30th 


—  11—8 
—  11—8 
-3-1 
-4-1 


1,400  —1  +5 
1,200  0  +3 

900  +4  +6 
700  +5  +7 


After  the  initial  treatment  she  had  a  reaction  with  a  tem¬ 
perature  of  103,  but  it  fell  to  normal  in  thirty-six  hours.  A 
slight  reaction  followed  the  first  and  second  refills,  but  after 
that  there  were  no  reactions  and  the  temperature  remained 
normal.  She  is  now  (November,  1930)  alive  and  at  work,  but 
has  signs  of  fibrosis  in  the  upper  zone  of  the  right  lung. 

In  cases  of  repeated  haemoptysis  artificial  pneumothorax 

6—3 
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may  be  successful.  One  of  my  patients,  a  man  of  twenty- 
three,  had  haemoptysis  in  1906.  He  had  recurrent  attacks  at 
intervals  of  about  a  year  until  1918,  when  they  became  more 
frequent.  In  1921  he  was  having  haemoptysis  up  to  half  a 
pint  every  few  weeks.  In  one  month  he  had  three  attacks 
and  he  had  been  unable  to  work  for  over  a  year.  In  March, 
1921,  during  an  actual  attack  of  haemoptysis  artificial 
pneumothorax  was  induced  on  the  right  side.  This  stopped 
the  bleeding  and  he  is  now  (November,  1930)  well  and  has 
had  no  more  haemoptysis.  The  lung  was  kept  collapsed  until 
July,  1922,  but  he  returned  to  work  in  May,  1921,  and 
attended  every  three  or  four  weeks  for  refills. 

In  some  chronic  cases  it  is  impossible  to  induce  a  pneumo¬ 
thorax  owing  to  adherent  pleura,  and  under  these  circum¬ 
stances  thoracoplasty  should  be  considered. 

The  treatment  of  haemoptysis  must,  of  course,  depend  on 
its  severity,  but  the  following  may  be  suggested  as  a  basis 
for  treatment. 

Put  the  patient  to  bed  and  keep  him  propped  up  with 
pillows  in  the  semi-upright  position.  A  day  and  night  nurse 
should  be  employed  and  no  visitors  should  be  allowed, 
although  it  may  be  necessary  to  let  certain  members  of  the 
family  see  him.  The  patient  must  be  reassured,  for  however 
well  he  may  control  his  feelings  he  is  certain  to  be  very 
alarmed  and  anxiety  leads  to  restlessness  and  a  quickened 
heart-beat.  In  some  cases  the  physician  is  able  to  pacify 
the  patient  by  his  personality  and  assurance  that  all  will  be 
well,  but  it  is  often  best  to  give  a  small  injection  of  morphia. 
This  will  tide  the  patient  over  the  initial  period  of  terror,  will 
relieve  restlessness  and  assist  clotting  to  take  place.  It  is 
not  necessary  to  give  enough  morphia  to  stop  cough  and  it  is 
very  rarely  necessary  to  repeat  the  injection.  I  agree  that 
morphia  should  not  be  given  as  a  routine,  but,  in  my  opinion, 
it  has  a  very  real  value  in  the  treatment  of  certain  cases  of 
haemoptysis.  The  nurse  should  be  instructed  to  keep  the 
patient  as  quiet  as  possible.  Too  much  fussing  should  be 
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avoided.  Cough  should  be  encouraged  if  there  is  anything  to 
be  expectorated  and  it  should  be  explained  to  the  patient 
that  there  is  a  certain  amount  of  blood  in  the  tubes  which 
has  to  be  coughed  up  and  that  there  is  no  reason  to  feel 
alarmed  about  it.  On  the  other  hand,  the  continuous  dry, 
useless  cough,  which  so  many  patients  develop,  should  be 
checked — it  is  largely  a  matter  of  habit  and  the  patient  can 
usually  control  it.  A  good  cheerful  nurse  who  has  the 
patient’s  confidence  is  of  the  utmost  value. 

The  bowels  should  be  kept  open  and  an  initial  dose  of  2  gr. 
of  calomel,  followed  five  hours  later  by  a  dose  of  salts,  may 
be  given.  The  diet  should  be  light  and  not  stimulating,  but 
it  need  not  be  cold.  Ice  to  suck  or  iced  drinks  are  harmful. 
Fluid  should  be  restricted  and  should  not  exceed  a  pint  and 
a  half  daily  during  the  actual  haemorrhage  ;  8  oz.  of  pounded 
fish  or  chicken,  or  5  oz.  of  rabbit,  raw  meat  sandwiches,  bread 
and  butter,  milk  and  eggs  are  suitable  foods,  and  it  is  not 
necessary  or  even  wise  to  keep  a  patient  strictly  on  a  milk 
diet. 

No  medicinal  treatment  is  required  in  mild  cases,  but  as  a 
placebo  to  comfort  a  nervous  patient  it  may  be  wise  to  give 
a  mixture  such  as  : — 


Pot.  Brom. 

Tinct.  Hyoscyami. 
Syr.  Aurantii. 

Aq.  ad. 


gr.  xv. 


ll\xv. 

3i- 


three  times  a  day. 

An  icebag  on  the  chest  is  harmless  and  may  be  ordered  if 
necessary  for  its  effect  on  the  mental  state  of  the  patient. 

By  these  methods  the  great  majority  of  mild  cases  will 
soon  improve.  The  patient  should  be  kept  in  bed  for  at 
least  three  days  after  the  sputum  is  free  from  all  traces  of 
blood,  and  in  the  event  of  bronchitis  or  fever  following  the 
haemoptysis  he  should  be  kept  propped  up  in  bed  and  given 
an  expectorant  mixture.  After-treatment  must  depend  on 
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the  condition  of  the  patient  and  whether  any  activity  of  the 
tuberculosis  has  been  set  up  by  the  haemoptysis . 

In  cases  of  moderate  severity,  where  the  haemoptysis  con¬ 
tinues  for  six  or  more  hours,  an  intravenous  injection  of 
10  c.cm.  of  a  10  per  cent,  solution  of  calcium  chloride  may  be 
given.  It  is,  of  course,  quite  useless  in  a  large  haemorrhage 
due  to  a  ruptured  pulmonary  aneurysm,  but  may  help  in  a 
case  of  congestion  or  oozing. 

A  better  method  of  treatment  for  moderate  or  continued 
cases  is  to  bind  the  limbs  as  already  described. 

In  more  severe  cases  artificial  pneumothorax  is  indicated, 
and  in  any  case  where  the  bleeding  continues  for  more  than 
three  days  and  there  is  no  contra-indication  a  pneumothorax 
should  be  induced  not  only  to  stop  the  haemoptysis  but  to 
lessen  the  chances  of  a  subsequent  tuberculous  broncho¬ 
pneumonia. 

Pleurisy 

A.  Dry  Pleurisy. — Pleurisy  is  a  very  common  occurrence 
during  the  course  of  pulmonary  tuberculosis.  Sometimes  it  is 
painless  and  it  may  be  unsuspected  until  revealed  by  post¬ 
mortem  examination.  There  may,  however,  be  considerable 
pain  in  a  case  of  acute  dry  pleurisy,  and  to  relieve  this  the 
affected  side  should  be  rested  as  much  as  possible.  In  mild 
cases  rest  in  bed  with  antiphlogistine  or  some  other  warm 
application  over  the  painful  part  will  be  sufficient.  Strapping 
the  side  with  straps  of  adhesive  plaster  passing  from  the  verte¬ 
bral  column  completely  round  the  chest  to  beyond  the  sternum, 
and  applied  when  the  chest  is  in  a  state  of  deep  expiration, 
will  rest  the  lung  and  alleviate  the  pain.  It  is  essential  to 
make  certain  that  the  strapping  is  put  on  evenly  as  if  it 
becomes  crumpled  it  is  very  uncomfortable.  Sodium  sali¬ 
cylate  is  frequently  given,  and  a  draught  consisting  of 
Phenazone,  gr.  x.,  Sp.  Amm.  Arom.,  3ss.,  Aq.  Chlorf.  ad  §i., 
will  usually  relieve  the  pain.  In  severe  cases,  however,  an 
injection  of  morphia  is  required  to  give  relief.  Cupping  over 
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the  painful  area  is  often  very  comforting  to  the  patient,  and 
formerly  leeches  were  applied  if  the  pain  was  acute.  In 
really  bad  cases,  however,  the  induction  of  a  partial  pneumo¬ 
thorax  is  the  best  treatment  and  should  always  be  con¬ 
sidered  in  any  ease  bad  enough  to  justify  giving  morphia.  It 
is  not  necessary  to  give  more  than  200  or  300  c.cm.  of  oxygen, 
which  are  quite  enough  to  separate  the  visceral  and  parietal 
layers  of  pleura.  When  absorption  of  the  oxygen  occurs  and 
the  two  pleural  surfaces  again  come  into  contact  the  pain 
does  not,  as  a  rule,  return,  possibly  because  a  thin  layer  of 
lymph  has  formed  over  the  inflamed  surfaces.  Oxygen  is 
preferable  to  air  in  these  cases  as  it  is  more  quickly  absorbed, 
and  if  the  pleural  surfaces  are  kept  apart  for  long  an  effusion 
is  very  likely  to  result.  In  cases  where  the  underlying  lung 
is  affected  and  it  is  desired  to  maintain  an  artificial  pneumo¬ 
thorax  it  is  better  to  use  air.  In  certain  cases,  of  course,  it  is 
not  possible  to  produce  any  collapse  owing  to  adhesions,  but 
in  the  majority  of  cases  where  a  pleural  rub  can  be  heard  a 
sufficient  collapse  can  be  obtained  to  relieve  the  pain  and 
the  relief  is  often  dramatic.  Even  in  pleurisy  from  malignant 
disease  the  pain  may  be  stopped  by  pneumothorax.  One  of 
my  patients  with  pulmonary  neoplasm  developed  pleurisy 
which  caused  great  pain,  prevented  her  from  sleeping  and 
would  not  yield  even  to  morphia.  A  very  partial  pneumo¬ 
thorax  was  induced  and  the  pain  immediately  ceased  and 
did  not  return  throughout  her  illness  although  the  lung 
quickly  re-expanded  and  a  coarse  pleural  rub  could  be  both 
heard  and  felt. 

In  cases  of  continuous  dragging  pain,  especially  that 
resulting  from  diaphragmatic  pleurisy  or  adhesions,  phrenic 
evulsion  may  be  successful,  and  its  possibilities  should  always 
be  borne  in  mind. 

B.  Pleural  Effusion. — Clear  serous  fluid  is  usually  straw- 
coloured,  but  may  be  tinged  with  red  from  admixture  with 
blood.  It  may  form  in  the  pleural  cavity  as  a  transudate, 
the  result  of  circulatory  stasis,  or  as  an  exudate  which 
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develops  from  inflammation.  Lord  (4),  in  a  description  of 
pleural  fluid,  says  that  a  transudate  and  exudate  differ, 
as  shown  in  the  following  table  : — 


Transudate. 

Exudate. 

Specific 

Gravity. 

1010—1015 

Hydraemic  fluids  having 
lower  specific  gravity 
than  transudates  from 
venous  stasis. 

1018  or  more. 

Albumin 

1 — 3  per  cent. 

4  per  cent,  or 
more. 

Librmogen  . 

Trace. 

Larger  amount. 

With  acetic 

Very  slight  precipitate. 

Bigger  precipi- 

acid. 

tate. 

Coagulates. 

_ 

Slowly  or  not  at  all. 

Quickly. 

It  has  been  stated  that  when  the  predominant  cells  are 
small  lymphocytes  the  effusion  is  due  to  tuberculosis,  if 
polymorphonuclear  leucocytes  predominate  the  cause  is 
some  pyogenic  infection  (such  as  Pneumococcus,  Strepto¬ 
coccus,  Staphylococcus),  whereas  an  excess  of  endothelial 
cells  suggests  an  effusion  of  mechanical  origin.  Lord  points 
out  that  the  intensity  of  the  pleurisy  as  well  as  the  cause 
affects  the  cells  in  the  effusion.  Thus  in  long-standing  transu¬ 
dates  the  endothelial  cells  may  diminish  and  the  lymphocytes 
increase.  A  transient  excess  of  polymorphonuclear  leuco¬ 
cytes  may  occur  in  the  early  acute  stage  of  a  tuberculous 
effusion  and  a  secondary  infection  in  a  chronic  effusion  will 
affect  the  cells.  In  malignant  disease  the  cells  of  the  effusion 
are  similar  to  those  found  in  transudates,  endothelial  cells 
being  in  excess.  An  excess  of  eosinophil  cells  in  the  effusion 
is  regarded  by  some  as  evidence  against  tuberculosis. 

Tubercle  bacilli  are  not  found  in  the  early  stages,  but  in 


PLATE  XIX 


[To  face  p 


72 
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The  same  Case  as  Plate  XIX  with  the  Patient  recumbent 
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Hydropneumothorax  with  the  Patient  in  the  Erect  Position.  Not 
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PLATE  XXII 


Same  Case  as  Plate  XXI  in  the  Recumbent  Position. 
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the  long-standing  tuberculous  effusions  they  are  usually  to 
be  found  and  often  in  large  numbers.  Inoculation  of  a  guinea- 
pig  will  often  reveal  the  presence  of  tuberculosis,  although 
the  bacilli  could  not  be  found  microscopically,  but  even  this 
test  is  usually  negative  in  the  early  stages  of  the  effusion. 

Treatment. — As  soon  as  an  effusion  develops  it  is  safest 
to  remove  some  5  c.cm.  for  examination  in  order  to  confirm 
the  diagnosis  and  exclude  empyema.  If  the  fluid  is  clear 
and  is  of  tuberculous  origin  it  is  best  to  allow  a  natural 
absorption,  which  usually  occurs  in  the  course  of  a  week  or 
two.  No  medicinal  treatment  is  required  except  to  relieve 
the  symptoms,  such  as  constipation,  sleeplessness,  etc.,  but 
the  patient  should  be  kept  in  bed  until  the  temperature  is 
normal  and  the  fluid  sufficiently  absorbed  for  the  heart  and 
mediastinum  to  be  in  the  correct  position.  Some  patients 
with  clear  tuberculous  effusions  run  a  high  hectic  tempera¬ 
ture  for  several  weeks,  but  it  eventually  settles  and  does  not 
indicate  the  onset  of  empyema.  An  intermittent  or  hectic 
temperature,  which  alters  and  becomes  a  high  continuous 
one,  is  of  serious  omen,  as  it  usually  indicates  the  develop¬ 
ment  of  miliary  tuberculosis. 

Aspiration  should  be  performed  in  these  tuberculous  cases 
only  if  the  effusion  is  so  large  that  it  causes  considerable 
dyspnoea  or  pressure  symptoms  or  if  it  is  desired  to  convert 
the  effusion  into  a  pneumothorax  (5).  If  there  is  no  sign  of 
absorption  after  three  weeks  it  is  usually  best  to  remove  the 
fluid  and  leave  a  pneumothorax. 

In  a  large  effusion  causing  pressure  symptoms  absorption 
may  take  place  after  some  8  or  10  oz.  have  been  aspirated, 
but  if  it  is  decided  to  remove  more  than  15  oz.  some  air  or 
oxygen  should  always  be  introduced  to  replace  the  fluid 
withdrawn.  If  this  is  not  done  the  sudden  expansion  of  the 
lung  is  apt  to  set  up  an  acute  tuberculosis  by  activating  a 
quiescent  lesion.  Moreover,  the  rapid  lowering  of  the  intra¬ 
pleural  pressure  may  cause  oedema  of  lung,  faintness,  or 
even  sudden  death.  Oxygen  should  be  used  to  replace  the 
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fluid  if  one  wants  the  lung  to  expand  in  a  day  or  so,  but  air 
is  better  if  it  is  desired  to  maintain  a  pneumothorax. 

In  order  to  replace  the  pleural  fluid  with  gas  the  author’s 


Fig.  10. — Aspirator  used  for  gas  replacements. 

aspirator  (Fig.  10)  may  be  used.  It  has  not  the  same 
suction  power  as  Dieulofoy’s  piston  or  Potain’s  vacuum 
aspirator,  and  so  for  cases  of  simple  aspiration  I  use  Dieulo- 
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foy’s  apparatus.  With  Potain’s  the  effusion  is  sucked  into 
the  exhausted  bottle  with  a  series  of  spurts  and  it  is  impos¬ 
sible  to  get  an  even  flow  of  fluid  with  it.  For  gas  replace¬ 
ment  the  author’s  aspirator  has  the  advantage  of  working 
without  attention  when  once  started,  and  is  therefore  useful 
if  the  physician  is  single-handed,  for  he  does  not  have  to 
occupy  himself  with  pumps,  etc.  Moreover  the  flow  of  the 
fluid  is  even  and  it  is  possible  to  keep  the  intrapleural 
pressure  absolutely  constant  throughout  a  gas  replacement. 
The  aspirator  consists  of  a  trocar  and  cannula  (A)  made  in 
three  sizes  and  a  graduated  reservoir  (C).  The  neck  of  the 
reservoir  is  fitted  with  a  rubber  cork  through  which  a  short 
glass  tube  is  passed.  This  tube  is  connected  with  the  trocar 
and  cannula  by  a  rubber  tube  (B).  The  contents  of  the 
reservoir  can  be  allowed  to  flow  out  through  another  tube  (D) 
into  a  suitable  receptacle.  To  use  the  apparatus  the  tube  (D) 
is  closed,  the  reservoir  partly  filled  with  water  and  hung  at 
the  side  of  the  bed.  The  rubber  tube  (B)  is  then  connected 
with  the  side  branch  of  the  trocar  and  cannula,  which  is  then 
ready  to  be  inserted  into  the  pleural  cavity.  The  patient 
should  lie  on  his  healthy  side  with  the  axilla  of  the  affected 
side  uppermost.  After  cleansing  the  skin  over  the  back  just 
below  the  angle  of  the  scapula  and  ansesthetising  the  site  to 
be  punctured  with  2  per  cent,  novocain  solution  the  trocar 
and  cannula  is  inserted  into  the  pleural  cavity.  The  trocar  is 
then  withdrawn,  the  tap  turned  off,  the  clip  on  tube  (D) 
unfastened  and  the  negative  pressure  produced  by  the  flow 
of  water  through  D  will  suck  the  pleural  fluid  into  the  reser¬ 
voir  (C).  A  needle  connected  with  the  pneumothorax 
apparatus  is  now  put  into  the  pleural  cavity  through  the 
axilla  and  air  or  oxygen  allowed  to  flow  in.  As  this  is  the 
uppermost  part  of  the  body,  with  the  patient  lying  on  his 
side,  the  gas  will  collect  and  form  an  air  space  in  the  axilla 
as  the  fluid  flows  out  through  the  lower  needle. 

I  think  it  is  better  to  use  two  needles  as  described,  but  the 
procedure  can  be  carried  out  with  one  needle.  In  order  to 
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do  this  when  the  trocar  has  been  withdrawn  and  the  tap 
turned  off,  the  rubber  tube  from  the  pneumothorax 
apparatus  is  then  fitted  onto  the  cannula,  and  by  clipping 
tube  (B)  and  opening  the  tap  air  can  be  let  into  the  pleural 
cavity,  but  one  cannot  insert  air  and  remove  fluid  at  the 
same  time.  Dr.  Nelson  (6)  describes  a  method  of  gas 
replacement  used  in  Pavia  which  appears  very  efficient  but 
requires  rather  cumbersome  apparatus. 

After  gas  replacement  the  treatment  is  the  same  as  an 
ordinary  case  of  artificial  pneumothorax  complicated  by 
effusion. 

If  after  a  simple  aspiration  the  fluid  re-accumulates  suffi¬ 
ciently  to  necessitate  a  second  aspiration,  it  is  best  to  intro¬ 
duce  a  little  oxygen  into  the  pleural  cavity.  Repeated 
re-accumulation  of  the  effusion  should  suggest  the  possibility 
of  neoplasm,  especially  endothelioma  of  pleura. 

Auto-serotherapy  has  been  practised  by  some  :  that  is,  the 
subcutaneous  injection  of  1  c.cm.  of  the  exudate  directly  it 
has  been  aspirated,  but  I  do  not  think  this  method  is  of  any 
value. 

If  instead  of  clear  fluid  a  tuberculous  empyema  forms, 
the  treatment  is  different  and  the  condition  much  more 
serious  because  : — 

1.  There  is  a  tendency  for  great  thickening  of  the  pleura  to 
occur  so  that  the  lung  cannot  expand  and  close  the  empyema 
cavity. 

2.  Serious  complications,  such  as  rupture  of  the  empyema 
into  the  lung,  are  liable  to  occur. 

3.  Sinuses  are  apt  to  form  through  the  tracks  of  the 
aspirating  needles. 

The  treatment  consists  in  emptying  the  empyema  cavity 
by  aspiration,  and  if  the  lung  shows  no  sign  of  re-expanding 
in  closing  the  cavity  by  thoracoplasty.  The  condition  is 
especially  frequent  in  cases  of  spontaneous  pneumothorax, 
and  treatment  is  discussed  under  that  heading. 
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Spontaneous  Pneumothorax 

This  may  occur  suddenly  or  gradually.  In  some  cases  it 
produces  a  sudden  violent  pain  and  severe  dyspnoea,  which 
may  rapidly  prove  fatal.  I  saw  one  case  mistaken  at  first 
for  a  perforated  gastric  ulcer.  In  other  cases  a  patient  who 
complains  of  dyspnoea  for  several  days,  but  not  enough  to 
prevent  him  from  working,  is  found  to  have  a  complete 
pneumothorax.  Sometimes  the  condition  is  found  acci¬ 
dentally  by  routine  clinical  or  X-ray  examination  in  a  patient 
who  has  no  symptom  suggesting  it. 

In  many  cases  the  lung  quickly  re-expands  and  no  treat¬ 
ment  beyond  a  few  days’  rest  is  required.  If  the  symptoms 
persist,  however,  and  there  is  no  sign  of  re-expansion  after  a 
week,  it  is  best  to  remove  some  of  the  gas  from  the  pleural 
cavity  and  so  assist  the  lung  to  begin  to  expand.  The  gas 
should  be  removed  gradually  and  no  more  than  700  c.cm. 
taken  off  at  the  first  aspiration,  otherwise  a  paroxysm  of 
cough,  severe  dyspnoea  and  frothy  expectoration  are  likely 
to  occur. 

In  the  severe  acute  cases  where  there  is  urgent  dyspnoea 
gas  should  always  be  aspirated.  It  is  often  under  great  pres¬ 
sure  and  can  be  heard  rushing  out  when  the  needle  is  put 
into  the  pleural  cavity.  The  perforation  in  the  visceral 
pleura  is  sometimes  valvular,  so  that  the  air,  which  is  forced 
into  the  pleural  cavity  when  the  patient  coughs,  cannot 
escape,  and  the  intrapleural  pressure  consequently  becomes 
very  high  and  may  lead  to  great  displacement  of  the  heart 
and  mediastinum.  In  such  a  case  the  aspirating  needle 
should  be  left  in  the  pleural  cavity  with  a  long  piece  of 
rubber  tubing  leading  from  the  needle  to  a  bowl  of  water  on 
the  floor.  This  forms  a  water  valve  which  allows  the  gas  to 
escape,  but  prevents  any  air  from  entering  the  pleural 
cavity. 

In  some  cases  there  is  considerable  dyspnoea,  but  only  a 
low  intrapleural  pressure,  and  in  these  there  is  usually  a 
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nervous  element  so  that  the  symptoms  quickly  subside  after 
the  patient  has  been  given  a  small  dose  of  morphia. 

Tuberculosis  accounts  for  over  80  per  cent,  of  all  cases, 
and  now  that  X-ray  examinations  are  so  frequently  made 
it  is  known  that  a  partial  pneumothorax  is  quite  a  common 
occurrence  in  cases  of  chronic  pulmonary  tuberculosis.  In 
the  great  majority  of  tuberculous  cases  fluid  forms  and  is 
apt  to  develop  into  tuberculous  pus.  In  non-tuberculous 
cases,  however,  an  effusion  rarely  forms,  and  as  a  rule  the 
lung  quickly  re-expands  without  leaving  any  bad  results. 
This  agrees  with  the  findings  of  artificial  pneumothorax, 
where  over  half  of  the  tuberculous  cases  develop  some  fluid 
during  treatment,  but  the  non-tuberculous  cases  practically 
never  get  an  effusion. 

When  a  spontaneous  pneumothorax  is  followed  by  the 
development  of  tuberculous  pus  in  the  pleural  cavity  the 
patient  almost  always  dies  of  the  disease  sooner  or  later. 
Tubercle  bacilli  are  often  absent  at  first  in  the  effusion,  but 
later  appear  in  large  numbers,  and  a  secondary  infection  is 
liable  to  occur.  Repeated  aspiration  is  apt  to  cause  sinuses 
and  make  the  prognosis  still  more  grave.  Even  if  the  original 
perforation  in  the  visceral  pleura  does  heal  the  pleura  tends 
to  become  very  thick  and  to  prevent  re-expansion  of  the  lung 
so  that  the  pleural  cavity  is  nothing  more  than  a  bag  of 
tuberculous  pus.  Every  effort  should  be  made  therefore  to 
re-expand  the  lung.  As  soon  as  it  becomes  clear  in  such 
cases  that  the  lung  cannot  expand  I  advise  thoracoplasty,  for 
the  longer  the  operation  is  delayed  the  worse  chance  for  the 
patient.  This  applies  to  all  cases  of  tuberculous  empyema, 
and  not  only  those  which  follow  spontaneous  pneumothorax. 

In  order  to  stimulate  re-expansion  of  the  lung  the  pus 
should  be  aspirated  completely  and  the  intrapleural  pressure 
left  negative.  If  the  pus  is  thick  15  or  20  c.cm.  of  Gauvian’s 
modifying  fluid  (guaiacol,  2  grm.,  creosote,  2  grm.,  iodoform, 
5  grm.,  ether,  10  grm.,  sterile  olive  oil,  100  c.cm.)  may  be 
injected  into 'the  pleural  cavity  a  day  before  aspirating  to 
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render  the  pus  more  liquid.  Of  course  if  the  perforation  in 
the  visceral  pleura  is  open  the  patient  will  taste  this  modifying 
fluid,  and  failure  to  taste  it  may  be  taken  as  evidence  that 
the  perforation  has  healed  and  therefore  that  there  is  more 
likelihood  of  the  lung  re-expanding. 

The  pleural  cavity  may  be  washed  out  with  normal  or 
hypotonic  saline  or  with  a  1  in  4,000  solution  of  methylene 
blue.  In  order  to  do  this  two  needles  are  used  as  in  gas 
replacement  and  the  saline  is  introduced  through  a  funnel 


Fig.  11. — Needle  with  tubing  as  used  for  fluid  replacement. 


and  rubber  tube  attached  to  B  (Fig.  11)  of  the  pneumothorax 
needle  which  is  inserted  into  the  chest  through  the  axilla. 
When  the  tube  (A)  leading  to  the  pneumothorax  apparatus  is 
clipped  and  tap  (C)  turned  on  the  saline  will  flow  into  the 
chest  and  pass  out  through  the  aspirating  needle  in  the 
back.  The  position  of  the  patient  should  be  changed  from 
time  to  time  in  order  to  mix  the  pus  with  the  saline  and  the 
pleural  cavity  washed  out  until  the  fluid  leaving  through  the 
lower  needle  is  quite  clear.  Tap  (C)  should  then  be  turned 
off,  tube  (A)  unclipped  so  that  the  intrapleural  pressure  can 
be  ascertained  and  adjusted  by  introducing  air  or  oxygen 
whilst  the  remainder  of  the  fluid  is  being  aspirated  through 
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the  lower  needle.  If  there  are  sinuses  or  if  there  is  much 
toxaemia  it  is  best  to  wash  out  the  pleural  cavity  in  this  way 
once  or  twice  in  order  to  get  it  as  clean  as  possible  before 
thoracoplasty  and  to  improve  the  patient’s  general  condition. 

The  following  case  illustrates  the  treatment  in  a  case 
where  the  original  perforation  did  not  heal  and  thoracoplasty 
was  performed. 

The  patient,  a  man  of  thirty-three,  developed  a  right 
spontaneous  pneumothorax  in  September,  1925.  On  Novem¬ 
ber  3rd,  1,750  c.cm.  clear  fluid  were  removed  from  the  right 
pleural  cavity.  It  was  sterile  and  no  tubercle  bacilli  were 
found  in  it.  On  November  19th,  200  c.cm.  of  turbid  fluid 
were  found.  In  January,  1926,  1,000  c.cm.  of  turbid  fluid 
were  removed,  and  in  March,  1,200  c.cm.  of  greenish  pus  were 
aspirated.  In  April  another  1,200  c.cm.  of  pus  were  aspirated 
and  it  now  contained  tubercle  bacilli  in  large  numbers. 
There  was  still  an  open  perforation  in  the  visceral  pleura,  as 
was  shown  by  the  patient  tasting  the  modifying  fluid  which 
was  introduced  into  the  pleural  cavity,  and  as  there  was  no 
sign  either  by  clinical  or  X-ray  examination  of  the  lung 
re-expanding  thoracoplasty  was  advised.  This  was  done  in 
two  stages  and  a  month  later  phrenic  evulsion  was  per¬ 
formed.  The  result  was  very  satisfactory,  the  pleural 
cavity  being  obliterated  and  the  patient  making  a  good 
recovery. 

The  operation  is  not  free  from  danger,  especially  in  cases 
where  there  are  sinuses,  but  I  believe  the  patient  is  in  far 
greater  danger  if  left  alone.  If  the  perforation  in  the  visceral 
pleura  remains  patent  the  danger  is  considerable,  not  only 
of  the  pleural  cavity  being  infected  but  of  dissemination  of 
disease  in  the  lungs.  In  one  case  of  spontaneous  pneumo¬ 
thorax,  when  some  lipiodol  was  introduced  into  the  pleural 
cavity,  X-ray  showed  traces  of  it  in  both  lungs  on  the 
following  day,  suggesting  that  the  lipiodol,  and  consequently 
the  tuberculous  pus  also,  is  aspirated  into  both  lungs  by  the 
inspiratory  efforts  which  accompany  cough.  Under  modern 
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conditions,  and  in  the  hands  of  a  surgeon  accustomed  to  this 
type  of  work,  the  operation  has  not  the  same  terrors  it 
possessed  a  few  years  ago,  and  I  feel  convinced  that  it  is 
more  often  advised  too  late  than  too  early  in  these  cases. 
The  reason  for  this  is  that  so  many  cases  do  well  for  a  time 
and  appear  to  be  recovering  when  an  accident,  such  as  rupture 
into  the  lung  or  infection  of  the  cavity  as  shown  by  the 
beginning  of  pyrexia,  return  of  cough  or  sputum,  leads  to  a 
steady  or  rapid  decline  in  health  and  ultimately  renders 
thoracoplasty  essential.  West  (7)  gives  the  general  mortality 
from  spontaneous  pneumothorax  as  70  per  cent.  In  my 
opinion,  the  following  conclusions  may  be  drawn  : — 

1.  Spontaneous  pneumothorax  of  simple  or  non-tuber- 
culous  origin  usually  heals  quickly  and  is  not  complicated  by 
the  formation  of  effusion.  If  the  lung  does  not  re-expand 
after  a  few  days  some  gas  can  be  removed  from  the  pleural 
cavity  and  this  usually  leads  to  re-expansion  of  the  lung. 

2.  Spontaneous  pneumothorax,  followed  by  the  develop¬ 
ment  of  effusion,  is  almost  always  of  tuberculous  origin.  In 
some  cases  the  fluid  is  absorbed  and  the  lung  re-expands  with 
or  without  aspirating.  If,  however,  the  fluid  turns  into 
tuberculous  pus  the  prognosis  becomes  much  more  serious 
and  steps  should  be  taken  to  cause  re-expansion  of  the  lung. 
If  there  is  no  sign  of  re-expansion  thoracoplasty  should  be 
performed  whilst  the  condition  of  the  patient  remains  good. 
The  operation  is  also  indicated  if  the  perforation  in  the 
visceral  pleura  shows  no  sign  of  healing  after  three  months. 

3.  In  some  cases  of  pulmonary  tuberculosis  spontaneous 
pneumothorax  is  beneficial  and  it  is  then  best  to  keep  up  an 
artificial  pneumothorax  by  giving  refills  and  so  keeping  the 
lung  collapsed. 

Poisonous  Gases 

The  effects  of  gassing  on  pulmonary  tuberculosis  were 
brought  into  prominence  during  the  war.  It  was  thought  at 
first  that  the  acute  symptoms  produced  by  the  gas  would 
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frequently  be  followed  by  tuberculosis,  either  by  activation 
of  an  old  lesion,  or  by  the  development  of  tuberculosis  in  the 
damaged  lung.  Such,  however,  is  not  the  case,  and  experience 
has  shown  that  although  chronic  bronchitis  may  follow 
gassing,  the  patients  are  no  more  liable  to  develop  tuber¬ 
culosis  than  are  ordinary  bronchitics.  Moreover,  it  appears 
that  old  lesions  are  not  likely  to  be  activated  by  gassing. 
Mustard  gas  injures  the  mucous  membranes  and  trachea, 
and  although  causing  very  severe  damage,  does  not  affect 
the  smaller  bronchi  as  the  asphyxiating  gases  do.  Recently 
200  cases  have  been  analysed  by  the  Ministry  of  Pensions  to 
show  the  late  effects  of  gas  (8). 

Of  these,  9  were  accepted  later  as  pulmonary  tuberculosis 
due  to  gassing,  141  chronic  bronchitis,  16  cardiac  conditions, 
8  neurasthenia,  16  other  conditions. 

Of  the  9  tuberculous  cases,  T.B.  were  present  in  6.  In  the 
other  3  there  was  chronic  bronchitis,  but  tuberculosis  was 
never  proved,  and  did  not  develop.  In  only  2  cases  did  the 
tuberculosis  appear  to  be  directly  activated  by  gassing. 


Bronchitis  and  Mixed  Infections 

When  a  patient  with  chronic  bronchitis  develops  pul¬ 
monary  tuberculosis  the  prognosis  is  very  grave.  In  any  case 
a  liability  to  bronchitis  in  a  consumptive  is  a  serious  com¬ 
plication  and  necessitates  special  treatment.  Such  patients 
must  be  kept  warm  and  it  is  harmful  to  try  to  harden  them 
by  getting  them  acclimatised  to  cold  fresh  air.  Climatic 
treatment  is  indicated  and  the  winters  should  be  spent  in  a 
warm,  sunny  district,  where  the  temperature  is  as  constant 
as  possible.  If  the  patient  cannot  afford  to  go  away  for  the 
winter  he  should  be  kept  in  well-ventilated  but  warm  rooms 
and  allowed  out  only  when  the  weather  is  suitable. 

It  has  been  suggested  that  the  tubercle  bacillus  itself  is 
not  very  harmful  and  that  the  serious  symptoms  in  pul¬ 
monary  tuberculosis  are  due  to  superimposed  infection  by 
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pyogenic  organisms.  Attempts  have  been  made  to  treat 
this  mixed  infection  by  anti-streptococcal,  anti-pneumo¬ 
coccal  and  other  sera  and  vaccines,  but  with  no  striking 
success. 


Pregnancy 

Although  pregnancy  appears  to  have  no  harmful  effects  on 
the  course  of  pulmonary  tuberculosis,  an  acute  exacerbation 
so  frequently  follows  parturition  that  the  question  of  ter¬ 
minating  pregnancy  in  the  early  stages  often  arises.  There 
is  difference  of  opinion  on  this  matter,  but  most  agree  that  if 
seen  within  the  first  four  months,  pregnancy  should  be  ter¬ 
minated  :  (1)  In  cases  of  acute  tuberculosis  ;  (2)  In  cases 
where  the  woman  is  just  holding  her  own.  This  is  the  usual 
type,  as  it  includes  the  patient  who  becomes  pregnant  soon 
after  leaving  a  sanatorium,  and  who  still  needs  the  very 
greatest  care  to  avoid  a  relapse. 

In  chronic  fibroid  cases  the  patient  usually  gets  through 
the  confinement  and  remains  well.  If  seen  after  the  fourth 
month  of  gestation  it  is  often  as  harmful  to  produce  abortion 
as  to  leave  the  pregnancy  to  run  to  term,  but  it  is  most 
important  to  give  the  patient  prolonged  treatment  after¬ 
wards.  If  she  has  to  leave  a  sanatorium  for  the  actual  con¬ 
finement,  she  should  be  readmitted  as  soon  as  possible  after¬ 
wards. 

Trauma 

An  old  lesion  may  become  activated  as  a  result  of  injury 
not  only  to  the  chest,  but  to  any  part  of  the  body.  Thus  after 
a  motor  smash  or  other  accident  active  tuberculosis  may 
occur.  Tuberculosis  following  wounds  in  the  war  was 
remarkably  rare.  Chest  wounds  and  especially  retained 
foreign  bodies  did  appear  to  have  some  tendency  to  activate 
tuberculosis.  Price  (8)  analysed  50  cases  claiming  pulmonary 
tuberculosis  as  due  to  chest  wounds  received  during  the  war. 
Of  these  37  (74  per  cent.)  had  proved  tuberculosis,  in  29  the 
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injuries  appearing  to  have  been  big  factors  in  the  develop¬ 
ment  of  the  disease,  but  in  8  the  tuberculosis  being  indepen¬ 
dent  of  the  injuries.  In  the  29  cases  there  was  not  only 
surface  injury,  but  actual  penetration  of  the  lung.  The 
tuberculosis  was  either  confined  to  the  injured  side  or,  if 
bilateral,  there  were  grounds  for  believing  it  started  on  the 
injured  side.  Price  found  that  surface  injuries,  unless 
involving  the  thoracic  cage  and  it  contents,  were  relatively 
unimportant  in  their  relationship  to  the  incidence  of  tuber¬ 
culosis.  He  states  that  in  the  cases  analysed,  the  average 
length  of  time  between  the  date  of  injury  and  recognition  of 
tuberculosis  was  eleven  years. 
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CHAPTER  VII 


TREATMENT 

General 

The  principles  of  treatment  may  be  summarised  as 
follows  : — 

1.  Attention  to  the  general  health  of  the  patient  and 
treatment  of  troublesome  symptoms  and  complications  are 
necessary  at  all  stages. 

2.  During  the  acute  periods  of  the  disease  the  object  of 
treatment  is  to  check  the  spread  of  the  disease  and  for  this 
purpose  rest  is  essential. 

3.  When  the  acute  stage  is  passed  the  object  of  treat¬ 
ment  is  to  restore  the  tone  of  the  body  to  its  maximum 
standard  of  fitness. 

4.  When  the  condition  of  the  patient  has  been  restored  as 
far  as  possible  the  object  of  treatment  is  so  to  regulate  his 
life  that  he  may  live  and  work  within  the  limits  of  his 
impaired  capacity, 

I  suggested  (1)  a  classification  based  on  the  life  history  of 
the  patient. 

A.  Stage  of  Institutional  Treatment 

1.  Hospital  Stage. — 

(a)  In  bed,  or  up  less  than  two  hours  a  day. 

(b)  Up  from  two  to  six  hours  a  day. 

2.  Sanatorium  Stage. — 

(a)  Capable  of  less  than  half  a  day’s  work. 

( b )  Capable  of  half  a  day’s  work. 

(c)  Capable  of  a  full  day’s  work. 
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B.  Stage  of  Maximum  Improvement 

(1)  Capable  of  a  full  day’s  work. 

(2*)  Capable  of  part  time  work. 

(3)  Unable  to  work. 

*  This  is  the  type  best  suited  for  life  in  some  colony  such 
as  Pap  worth. 

C.  Period  of  Decline 

(1)  Able  to  do  some  work. 

(2)  Unable  to  work. 

(3)  Bedridden. 

When  the  physician  first  diagnoses  pulmonary  tuber¬ 
culosis  he  classifies  the  patient  Al  a.  Whether  the  treat¬ 
ment  is  actually  given  in  hospital  or  in  the  patient’s  private 
house  does  not  matter.  Possibly  the  patient  is  found  to  have 
an  acute  tuberculosis  and  rapidly  gets  worse,  in  which  case 
he  would,  of  course,  come  into  Class  C3.  On  the  other  hand, 
it  may  be  found  that  he  can  pass  quickly  through  Classes 
Al  a  and  Al  b  and  become  suitable  for  sanatorium  treat¬ 
ment.  The  hospital  stage  is,  therefore,  that  period  of  the 
disease  during  which  the  physician  can  observe  the  patient’s 
response  to  treatment  and  can  decide  whether  he  is  fit  for 
sanatorium  or  not,  and  if  so,  for  which  sanatorium  he  is  best 
suited.  If  he  is  not  suitable  he  goes  into  Class  B  or  Class  C. 
I  have  purposely  used  the  terms  hospital  stage  and  sana¬ 
torium  stage  because  it  is  important  to  appreciate  that  the 
true  functions  of  hospital  and  sanatorium  are  entirely 
different.  The  initial  period  of  rest  and  observation  is  apt 
to  be  overlooked.  There  is  many  a  sanatorium  with  a  hospital 
side,  and  here  patients  can  be  treated  during  the  acute  or 
febrile  phases  of  the  disease,  but  treatment  in  a  sanatorium 
is  not  the  same  as  sanatorium  treatment. 

General  Treatment 

It  is  important  to  distinguish  between  treatment  designed 
to  improve  the  general  health  and  that  designed  to  check 
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the  tuberculous  lesion.  For  example,  if  an  acute  tuberculous 
joint  is  immobilised  the  splint  is  intended  to  deal  with  the 
actual  disease,  just  as  in  pulmonary  cases,  to  rest  the  lung  by 
staying  in  bed,  or  more  completely  by  pneumothorax,  is  to 
treat  the  disease.  On  the  other  hand,  fresh  air  and  regular 
living  are  intended  to  improve  the  general  health  and  so 
indirectly  affect  the  course  of  the  disease.  If  a  city  worker 
is  sent  into  the  country,  where  he  has  good  food  and  can 
lead  a  quiet  regular  life  in  the  open  air,  his  general  health 
will  improve  just  as  will  that  of  the  consumptive  under 
similar  conditions.  It  is  very  important  to  appreciate  this, 
because  there  is  a  popular  belief  that  the  treatment  of  pul¬ 
monary  tuberculosis  consists  of  living  out-of-doors  and  over¬ 
eating,  and  a  patient  is  apt  to  think  that  no  other  treatment 
is  required.  It  is  not  at  all  uncommon  to  find  a  patient,  who 
has  taken  a  few  months’  holiday  and  lived  in  a  country 
cottage,  playing  golf  and  keeping  as  much  in  the  fresh  air 
as  possible  under  the  impression  that  he  is  doing  the  best 
for  himself,  whereas  the  disease  steadily  progresses.  An 
initial  period  of  rest  will  usually  check  the  activity  of  the 
disease,  and  then  a  quiet  country  life  may  be  beneficial. 


Diet 

Otto  Walther  introduced  forced  feeding  in  the  treatment 
of  pulmonary  tuberculosis,  and  he  certainly  obtained  some 
excellent  results  in  his  sanatorium  in  the  Black  Forest. 
Tuberculosis  is  a  deficiency  disease,  and  he  was  the  first  to 
treat  it  as  such.  At  the  present  time  it  is  not  customary  to 
advocate  nearly  such  large  quantities  of  food,  although  the 
value  of  a  generous  diet  is  well  recognised.  Fat  people  are 
less  liable  to  tuberculosis  than  are  the  thin,  and  in  any  con¬ 
dition  where  there  is  a  shortage  of  food  (for  example,  the 
Siege  of  Paris,  1870,  and  the  Great  War)  the  incidence  of 
tuberculosis  increases.  Vaile  (1)  points  out  that  many  people 
will  eat  butter  or  crisp  fat,  such  as  over-cooked  bacon,  but 
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dislike  beef  or  mutton  fat.  He  has  collected  a  series  of  cases 
from  which  he  concludes  that  it  is  these  latter  fats  which 
protect  against  tuberculosis.  In  families  where  several 
members  are  tuberculous,  it  certainly  appears  that  the  fat- 
eaters  are  more  resistant  than  the  fat-shy.  It  is  undoubtedly 
a  fact  that,  as  a  general  rule,  a  gain  in  weight  may  be  taken 
as  a  good  sign  and  a  loss  is  often  the  first  indication  of  a 
breakdown.  It  is  a  mistake,  however,  to  overfeed  a  patient, 
and  provided  he  reaches  his  normal  weight  and  maintains  it 
no  further  gain  in  weight  is  required.  The  diet  should  con¬ 
sist  of  good  plain  food,  and  as  far  as  possible  one  should  avoid 
giving  special  articles  of  diet  which  the  patient  will  not  be 
able  to  obtain  when  he  resumes  his  normal  life.  In  ordering 
a  diet  it  is  necessary  to  take  into  consideration  the  type  of 
food  a  patient  has  been  in  the  habit  of  taking  in  the  past  and 
will  have  to  go  back  to  in  the  future. 

Fat  should  be  encouraged  :  mutton  fat,  bacon,  butter, 
dripping,  etc.,  may  be  advised,  and  most  patients  are  able 
to  take  fat  in  some  form  or  other.  Milk  is  a  good  food,  but 
there  are  substitutes,  and  it  should  not  be  forced  on  those 
with  whom  it  disagrees.  It  is  a  mistake  to  get  a  patient  into 
such  a  habit  of  taking  extra  milk  that  he  is  dependent 
on  it. 

Cod-liver  oil  is  widely  used  and  can  be  obtained  in  a 
tasteless  form.  It  contains  a  fat-soluble  vitamin  of  great 
potency,  is  very  nutritious  and  especially  useful  in  chronic 
cases  who  are  under  weight.  It  is  quite  unnecessary  to  use 
it  as  a  routine,  and  it  has  been  found  at  Midhurst  Sana¬ 
torium  that  patients  who  are  taking  cod-liver  oil  regularly 
do  no  better  than  those  who  are  not,  although  in  special 
cases  its  value  is  admitted. 

It  is,  of  course,  not  only  useless  but  actually  harmful  to 
give  a  patient  more  food  than  he  can  digest,  and  one  often 
finds  a  patient  who  begins  to  improve  and  gain  weight  when 
the  quantity  of  food  is  reduced,  for  he  assimilates  more  and 
loses  the  chronic  dyspepsia  produced  by  over-eating.  A 
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weak  digestion  may  be  improved  by  fresh  air,  cheerful 
companionship  during  the  meal,  the  inclusion  in  the  diet  of 
a  little  appetising  food,  even  if  not  in  itself  nutritious,  such 
as  smoked  salmon,  a  bitter  tonic  or,  still  better,  a  little 
alcohol.  The  question  of  alcohol  and  tuberculosis  is  a  diffi¬ 
cult  one,  for  the  disease  is  very  chronic,  and  patients  are  so 
liable  to  periods  of  depression  that  the  alcohol  habit  may 
well  be  formed.  I  do  not  think  alcohol  should  be  used  in 
tuberculosis  as  readily  as  in  certain  acute  diseases,  where  its 
action  as  a  food  alone,  apart  from  its  other  effects,  renders  it 
a  most  valuable  drug  in  helping  through  a  crisis.  Apart 
from  the  danger  of  developing  a  habit,  alcohol  in  modera¬ 
tion  is  good.  It  undoubtedly  assists  digestion,  and  the  addi¬ 
tion  of  a  glass  of  stout  or  port  to  the  diet  will  often  turn  the 
scale  in  favour  of  the  patient.  Some  years  ago  the  routine 
treatment  of  pulmonary  tuberculosis  was  rum  and  milk,  and 
I  am  told  that  patients  thrived  on  it.  As  a  general  rule,  one 
would  say  that  if  patients  are  doing  well  without  alcohol  so 
much  the  better  because  of  the  real  danger  of  producing  a 
habit,  and  that  spirits  should  be  forbidden  except  in  the  case 
of  elderly  patients  who  are  accustomed  to  them.  On  the 
other  hand,  one  should  never  forget  that  alcohol  often  does 
good  and  should  not  be  withheld  under  certain  conditions. 

During  the  acute  febrile  stage  the  diet  should  be  as 
generous  as  is  consistent  with  the  patient’s  powers  of  diges¬ 
tion.  Milk  is  often  well  tolerated  but  may  lead  to  diarrhoea 
with  offensive  stools,  in  which  case  a  more  solid  diet  should 
be  given  and  milk  stopped. 

It  is  in  the  subacute  or  sanatorium  stage  that  diet  is 
chiefly  important,  for  the  patient  is  trying  to  regain  his  lost 
strength  and  energy.  Towards  the  end  of  sanatorium  treat¬ 
ment,  however,  extra  or  fancy  diets  should  be  dropped  as  far 
as  possible  so  that  the  patient  may  not  suffer  when  he  returns 
home  and  has  to  live  on  an  ordinary  diet.  Special  diets  have 
been  advocated  for  tuberculosis  but  their  value  is  doubtful, 
and  although  the  patient  should  learn  to  eat  wholesome  food 
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and  avoid  excess  it  is  usually  a  mistake  to  encourage  fads 
about  foods.  Some  diets  are  designed  to  supply  calcium  and 
assist  in  calcification,  or  to  make  up  for  a  calcium  deficiency 
which  has  been  noticed  in  tuberculosis.  It  has  been  sug¬ 
gested  that  a  salt-free  diet  should  be  given  as  salts  tend  to 
produce  an  excess  of  fluid  in  the  body. 

Dr.  M.  Gerson,  of  Bielefeld,  Westphalia,  advocates  a  salt- 
free  diet.  A  substance  consisting  of  potassium,  calcium  and 
magnesium,  and  which  he  calls  “  mineralogen,”  is  substituted 
for  sodium  chloride.  Tuberculosis  involves  exudation  and 
sodium  salts  are  excluded  because  they  tend  to  hold  up 
liquid  in  the  tissues.  In  the  general  wasting  of  tuberculosis 
there  is  a  loss  of  inorganic  salts,  and  these  are  given  to  make 
up  the  wastage,  in  addition  to  which  some  have  a  definite 
diuretic  action.  Dr.  Gerson  also  gives  fresh  uncooked  food 
with  a  high  vitamin  content,  and  2  oz.  of  phosphorated  cod- 
liver  oil  daily.  Carbohydrates  are  restricted,  and  there  is  no 
overfeeding.  The  proportion  of  food  is  protein  90  grm., 
fat  160  grm.,  carbohydrate  220  grm.,  in  a  diet  of  3,000 
calories.  It  is  suggested  that  carbohydrate  favours  the 
spread  of  tuberculosis,  whilst  protein  lessens  the  sensitivity 
and  fat  raises  the  resistance. 

Strauss  (2)  thinks  the  value  of  the  diet  is  solely  due  to  the 
limitation  of  sodium  salts.  Professor  F.  Sauerbruch  sent  his 
assistant,  Dr.  A.  Herrmannsdorfer,  to  investigate  Dr.  Gerson’s 
treatment,  and  a  report  was  issued  in  which  the  value  of  the 
diet  was  emphasised.  Professor  Sauerbruch  has  employed 
this  treatment  extensively  for  cases  of  bone  and  joint  tuber¬ 
culosis  and  lupus.  Special  kitchens  have  been  made  in  some 
German  hospitals  in  order  that  the  food  may  be  properly 
prepared  and  salt  avoided  in  the  cooking.  There  are,  how¬ 
ever,  two  practical  objections  to  it.  In  the  first  place  it  is 
very  expensive,  and  secondly  impairment  of  the  appetite  is 
very  common  amongst  the  tuberculous.  Many  patients  have 
to  be  tempted  with  dainties,  and  would  find  it  impossible  to 
take  such  a  diet. 
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Mayer  and  Kugelmass  (3)  describe  the  result  of  treating 
20  patients  for  six  months  at  Saranac  with  a  salt-free  diet 
rich  in  fats  and  vitamins,  but  low  protein  and  carbohydrates. 
They  were  all  cases  of  advanced  pulmonary  tuberculosis,  and 
were  losing  ground  under  ordinary  sanatorium  treatment. 
After  six  months,  8  had  gained  weight,  10  had  less  sputum, 
though  tubercle  bacilli  were  still  present,  4  became  apyrexial, 
8  showed  fewer  physical  signs,  3  had  enteritis  ;  of  these  2  lost 
their  symptoms,  and  the  other  remained  unchanged.  Two 
developed  pyrexia  during  the  treatment. 

It  is  necessary  to  stimulate  the  appetite  in  certain  patients, 
especially  those  with  advanced  disease.  In  these  cases  there 
is  usually  an  accumulation  of  mucus  in  the  stomach,  and 
30  gr.  of  sodium  bicarbonate  in  half  a  tumbler  of  hot  water 
taken  the  last  thing  at  night  and  the  first  thing  in  the  morning 
will  often  give  relief.  As  there  is  a  deficiency  of  acid  in  most 
cases,  a  tonic  such  as 
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should  be  given  before  meals. 

Nausea  is  often  due  to  cough  which  begins  as  soon  as  the 
patient  starts  to  eat.  For  this  reason  it  is  wise  to  make  the 
patient  cough  up  as  much  sputum  as  possible  as  soon  as  he 
wakes.  There  is  usually  no  difficulty  in  doing  this,  and  if 
there  is  a  bout  of  coughing  it  can  usually  be  brought  on  by 
stooping  down  or  by  change  of  posture.  If  the  cough  is 
hard  and  dry,  a  teaspoonful  of  eupnine  or  lemon  and  hot 
water  taken  before  breakfast  may  loosen  the  phlegm. 

Loss  of  appetite  will  often  be  improved  by  change  of 
environment.  If,  therefore,  a  patient  is  moved  from  one 
sanatorium  to  another,  his  appetite  will  very  often  improve, 
even  if  the  food  is  not  so  good.  Many  will  do  better  on 
inferior  food  badly  served  than  on  the  very  best  if  it  is  not 
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made  to  look  tempting.  The  arrangement  of  the  table  or 
tray,  flowers,  the  quality  of  the  plates,  the  way  the 
napkin  is  folded,  etc.,  are  details  which  go  to  make  a  big 
difference. 

Congenial  friends  or  a  cheerful  nurse  with  pleasing  con¬ 
versation  will  often  stimulate  an  appetite.  We  all  know  how 
much  nicer  dinner  is  if  our  horse  has  won  the  big  race.  It 
will  be  seen,  therefore,  that  alteration  of  the  actual  diet  is 
not  the  sole,  nor  indeed  is  it  the  most  important,  way  to  deal 
with  patients  who  are  difficult  to  feed. 

Of  course  the  food  must  be  made  to  suit  the  patient.  The 
addition  of  something  with  a  strong  taste  will  often  help  the 
appetite.  For  example,  anchovy  paste,  pickles,  onions 
added  to  the  salad,  etc.  Patients  who  can  whip  up  an 
appetite  in  this  way  are  helped  by  a  little  alcohol  with  or 
before  meals.  Raw  meat  sandwiches  are  very  often  taken 
by  such  patients,  who  often  get  to  like  them,  and  find  they 
increase  the  appetite.  Ice  cream  may  be  accepted  when  no 
other  food  tempts  the  patient  at  all. 

It  is  not  always  the  most  delicate  dish  that  appeals  to  the 
patient.  Many  who  will  turn  from  the  most  daintily  cooked 
omelette  will  eat  with  relish  kippers  or  herrings. 

Whilst  it  is  necessary  to  tempt  those  who  are  very  ill  and 
to  advise  a  special  diet  under  certain  circumstances,  it  cannot 
be  too  strongly  emphasised  that  for  the  patient  who  is  doing 
well,  ordinary  food  is  best.  Overfeeding  is  bad,  and  the 
patient  should  be  encouraged  to  get  used  to  the  type  of 
food  he  and  others  of  his  walk  of  life  are  accustomed  to 
take. 

Rest 

If  one  had  to  rely  on  one  method  only  in  the  treatment  of 
tuberculosis  that  method  would  have  to  be  rest,  for  it  is  so 
vastly  more  important  than  all  the  other  treatments.  By 
resting  the  diseased  part  the  lymph  flow  is  impeded,  there 
is  a  tendency  to  fibrosis  and  the  disease  becomes  localised. 
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These  changes  are  seen  in  tuberculosis  of  any  part  of  the 
body.  The  immediate  improvement  in  a  tuberculous  joint 
when  a  splint  has  been  applied,  or  in  acute  pulmonary 
tuberculosis  as  soon  as  the  diseased  lung  has  been  collapsed, 
is  very  striking.  In  any  case  of  acute  pulmonary  tubercu¬ 
losis  an  initial  period  of  three  or  four  months  in  bed  is 
advisable.  Before  going  to  Frimley  Sanatorium  patients  are 
admitted  to  Brompton  Hospital,  and  I  have  found  that 
those  who  have  a  long  preliminary  course  of  rest  in  the 
hospital  do  much  better  than  those  who  go  straight  on  to 
the  Sanatorium. 

Jaquerod  (4)  insists  on  the  necessity  of  a  long  period  of  rest 
in  order  to  obtain  a  natural  cure.  He  points  out  that  arti¬ 
ficial  pneumothorax,  thoracoplasty  and  phrenic  evulsion  are 
merely  methods  of  giving  more  rest  to  the  diseased  lung,  and 
are  often  unnecessary  provided  a  sufficient  period  of  rest  in 
bed  is  given. 

Even  when  a  practical  cure  has  been  obtained,  the  import¬ 
ance  of  taking  life  quietly  should  not  be  forgotten,  especially 
in  these  modern  days.  Dr.  Jaquerod  believes  that  the  motor 
bicycle  with  its  vibration  is  specially  liable  to  reactivate  a 
tuberculous  lesion. 

Wingfield  (5)  describes  seven  stages  of  rest : — 

1.  No  physical  or  mental  exertion  allowed,  the  patient 
being  treated  like  one  with  typhoid  fever. 

2.  Patient  allowed  to  feed  himself  and  talk,  but  still  no 
reading,  writing  or  visitors. 

3.  Talking,  reading  and  visitors  allowed  in  short  and 
increasing  periods.  Still  uses  bed-pan  and  is  washed. 

4.  More  latitude  in  reading,  writing  and  having  visitors. 
Allowed  to  wash  face  and  hands  himself  and  to  sit  upright 
for  meals. 

5.  Allowed  to  sit  in  a  lounge  chair  for  half  an  hour  once 
a  day,  and  gradually  longer.  Allowed  to  use  bedside 
stool. 

6.  As  above,  but  allowed  to  walk  to  lavatory. 


94 


TREATMENT 


7.  Allowed  to  wash  out  of  bed  and  go  to  the  bath,  but  to 
stay  in  bed  for  the  rest  of  the  day. 

If  all  goes  well  the  patient  may  reach  the  last  stage  in 
three  months,  and  then  begin  a  period  of  gentle  training. 

As  improvement  takes  place  the  patient  requires  a  certain 
amount  of  exercise,  and  success  of  treatment  is  largely  a 
matter  of  a  correct  balance  between  rest  and  exercise. 
This  is  discussed  in  Chapter  IX.  dealing  with  sanatorium 
treatment. 


Fresh  Air 

The  value  of  fresh  air  is  discussed  in  the  same  chapter. 
Although  it  is  important  at  all  stages  of  the  disease,  it 
should  be  regarded  as  part  of  the  general  treatment  and  not 
as  a  method  peculiar  to  tuberculosis.  Broadly  speaking,  one 
may  regard  the  value  of  fresh  air  as  twofold  : — 

1.  Those  who  work  in  the  open  air  are,  on  the  whole, 
more  healthy  than  those  who  have  indoor  employment, 
provided  they  are  physically  fit  to  do  their  work. 

2.  Those  who  lead  an  open-air  life  (i.e.,  have  windows 
always  open  and  avoid  stuffy  atmospheres)  are  mostly 
immune  to  colds  and  catarrhal  conditions.  But  a  certain 
number  of  people  are  unable  to  stand  cold  and  are  harmed 
by  a  fresh-air  life. 


Treatment  of  Symptoms 

Cough. — In  many  cases  this  is  largely  due  to  habit  and 
patients  can  easily  be  trained  not  to  cough.  In  the  dining¬ 
room  of  any  large  sanatorium,  where  a  number  of  con¬ 
sumptives  are  gathered  together,  a  cough  is  seldom 
heard.  Paroxysms  of  cough,  which  are  due  to  difficulty 
in  bringing  up  sputum  and  are  especially  liable  to  occur 
in  the  mornings,  are  often  relieved  by  a  simple  mixture 
such  as  : — 
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Sod.  Bicarb. 

gr.  xv. 

Sod.  Chlorid.  . 

.  gr.  v. 

Sp.  Chlorof. 

.  1%. 

Aq.  Anisi.  ad  . 

gss. 

in  an  equal  part  of  hot  water. 

Patients  with  chronic  disease 

who  have  tried  many  remedies  often  ask  for  this,  as  they 

get  more  relief  from  it  than 

from  any  of  the  more  com- 

plicated  mixtures. 

Other  mixtures  which  help 

to  loosen  the  sputum  and 

relieve  cough  are  : — - 

Ammon.  Chlorid. 

gr.  xx. 

Ext.  Glyc.  Liq. 

•  3'- 

Glycerin  . 

ll|xx. 

Aq.  ad 

§ss. 

or, 

Pot.  lod. 

gr.  iii. 

Pot.  Bicarb. 

gr.  xv. 

Aq.  Camph.  ad 

§ss. 

In  the  case  of  continuous  cough  which  interrupts  sleep  a 

linctus  should  be  given,  such  as 

• 

• 

Oxymell.  Scillse 

3ss. 

Ac.  Hydrocyan.  dil.  . 

.  THji. 

Morph.  Acet.  . 

•  gr-  TS- 

Aq.  ad  . 

•  3*- 

or,  if  this  fails,  heroin  will  often  give  relief,  and  the  following 

is  a  useful  linctus  : — - 

Heroin  Hydroch. 

•  gr-  XV 

Glycerin  . 

.  h\x. 

Syr.  Picis  Liq.  ad 

.  3i. 

It  often  happens  that  a  patient  gets  accustomed  to  a 
linctus  and  it  is  then  best  to  change  it  for  a  time.  The 
following  prescriptions  may  be  found  useful  : — 
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Bromoform 

.  liu. 

Terpin  Hydrate 

.  gr.  i. 

Alcohol  (90  per  cent.) 

.  q.s. 

Heroin  Hydroch. 

•  gr-  to- 

Tinct.  Pruni  Virg. 

.  fi\iii. 

Glycerin  ad 

•  3i- 

Nepenthe 

.  n\x. 

Oxymell.  Scillse 

.  lT|xx. 

Syr.  Pruni  Virg.  ad  . 

•  3*- 

Syrup  Citronin,  which  is  prepared  by  Messrs.  Parke  Davis, 
will  usually  relieve  an  irritating  cough. 

For  the  useless,  irritating  cough,  which  does  not  produce 
sputum,  a  lozenge  will  often  be  sufficient.  The  Brompton 
Cough  Lozenge  (Trochisci  Glycyrrhizae,  each  containing 
Extract  of  Liquorice,  gr.  iii.,  and  Anise  Oil,  TT|i)  is  efficacious, 
and  the  fact  that  patients  who  have  tried  many  other 
lozenges  frequently  write  for  it  shows  that  the  patients  them¬ 
selves  believe  in  its  value.  Cough  is  often  caused  by 
smoking,  but  under  these  conditions  many  patients  prefer 
the  cough. 

Sputum. — Special  treatment,  such  as  artificial  pneumo¬ 
thorax  and  sanocrysin,  may  be  indicated  if  there  is  excessive 
sputum,  and  the  quantity  of  sputum  is  often  reduced  if  the 
patient  gives  up  smoking.  If  there  is  sputum,  however,  it 
should  be  expectorated,  and  it  is  a  mistake  to  give  drugs  such 
as  opiates  to  suppress  it. 

Night  Sweats. — These  occur  in  the  early  acute  stages  or 
during  an  acute  exacerbation  in  chronic  disease.  As  the 
patient  improves  they  almost  always  disappear,  and  it  is 
uncommon  to  find  them  after  a  patient  has  had  a  few  days’ 
rest  in  bed.  In  some  cases,  however,  they  persist  and  may 
be  so  severe  that  the  patient  has  to  change  his  night  clothes 
two  or  three  times  during  the  night.  In  such  cases  the 
patient  should  be  given  a  tumbler  of  milk  just  before  he  goes 
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to  sleep,  and  if  he  wakes  in  the  night  he  should  take  a  little 
more  milk,  a  few  biscuits  or  some  other  food.  This  usually 
prevents  night  sweating,  but  in  bad  cases  it  may  be  necessary 
to  have  a  special  nurse  to  wake  the  patient  periodically  and 
give  him  a  little  warm  milk.  Omnopon,  gr.  J,  given  the  last 
thing  at  night,  will  sometimes  allow  the  patient  to  sleep 
without  sweating.  A  common  remedy  is  a  pill  containing 
zinc  oxide  and  belladonna,  but  I  have  found  no  benefit 
from  it. 

Pyrexia. — The  best  treatment  for  fever  is  rest.  If  rest 
in  bed  is  not  sufficient  some  further  rest  of  the  diseased  part 
by  artificial  pneumothorax,  strapping  the  chest  wall,  or 
some  other  method  may  succeed.  It  is  easy  to  reduce  the 
temperature  by  drugs,  but  to  do  so  is  useless  except  for  the 
mental  effect  on  the  patient  who  worries  about  his  tempera¬ 
ture,  for  it  will  rise  again  as  soon  as  the  drug  is  discontinued. 

Dyspnoea. — This  may  be  due  to  the  extent  of  the  pul¬ 
monary  lesion  or  to  the  cardiac  condition.  In  some  cases 
when  there  is  extensive  fibrosis  and  the  heart  is  much  dis¬ 
placed  relief  may  follow  surgical  treatment.  In  a  few  cases 
the  removal  of  portions  of  two  ribs  thus  leaving  a  flap  will 
diminish  the  dyspnoea  considerably.  Relief  in  this  case  is 
probably  due  to  the  fact  that  during  inspiration  a  large  part 
of  the  lung  is  unable  to  expand  and  the  force  of  the  negative 
pressure  affects  the  thoracic  organs,  including  the  heart  which 
dilates.  In  some  unilateral  cases  of  fibrosis  or  obstruction 
to  a  large  bronchus  the  heart  does  appear  to  dilate  during 
inspiration.  When  therefore,  portions  of  two  ribs  are 
removed,  and  a  flap  is  left,  the  flap  is  sucked  in  during 
inspiration,  thus  saving  the  heart  and  relieving  the  dyspnoea. 
Phrenic  evulsion  may  also  be  performed  in  such  cases  to 
relieve  the  dyspnoea. 

Gastro-intestinal  Symptoms. — These  may  be  due  to  over¬ 
feeding  and  always  necessitate  a  review  of  the  patient’s  diet. 
Poor  appetite  and  a  weak  digestion  are  very  common  and 
sometimes  the  initial  symptoms  of  pulmonary  tuberculosis. 
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In  a  series  of  cases  in  which  I  had  fractional  test-meals  done 
I  found  a  deficiency  of  hydrochloric  acid  in  the  stomach  in 
the  majority,  and  I  have  obtained  benefit  by  giving  before 


meals  a  mixture  containing  : — 

Liq.  Strych.  Hyd. 

ll\iii. 

Glycerin  .... 

•  3ss- 

Ae.  Nit.  Hydroch.  dil. 

lljxv. 

Inf.  Gent.  Co.  ad 

gss. 

In  most  cases,  however,  the  gastric  symptoms  disappear 
as  the  patient  improves,  and  an  abundance  of  fresh  air  is 
the  best  stimulant  to  the  appetite.  Diarrhoea  may  be  due 
to  toxaemia  without  any  ulceration  of  the  intestine,  or  there 
may  be  actual  ulceration,  in  which  case  there  will  be  blood 
in  the  stools.  In  some  cases,  especially  in  the  terminal 
phases  of  the  disease,  the  stools  become  very  offensive  and 
loose,  and  this  is  usually  due  to  the  milk  diet  which  is  so 
commonly  ordered  in  these  cases.  If  the  milk  is  altogether 
stopped  and  a  solid  diet  substituted  the  stools  will  cease  to 
be  offensive,  even  in  the  worst  cases,  and  the  diarrhoea  is 
usually  considerably  relieved.  I  have  found  no  benefit  from 
dimol,  hyd.  c.  cret.  or  other  intestinal  disinfectants  in  these 
cases,  nor  have  I  obtained  any  results  from  the  use  of 
calcium  chloride  given  intravenously.  I  give  calcium  in  these 
cases,  however,  as  good  results  have  been  reported,  and  I 
have  seen  great  benefit  in  chronic  diarrhoea  of  non-tuberculous 
origin. 
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CHAPTER  VIII 


TREATMENT — Contd. 

Medicinal 

Preparations  of  gold  have  been  used  for  many  years 
in  the  treatment  of  pulmonary  tuberculosis,  and  sanocrysin  is 
the  form  most  commonly  employed  at  present.  Sanocrysin 
is  a  double  thiosulphate  of  gold  and  sodium  which  was 
prepared  by  Moellgaard,  and  was  believed  to  destroy 
tubercle  bacilli  in  vivo.  It  is  given  intravenously,  and  is 
frequently  followed  by  a  severe  reaction  resembling  that 
seen  after  an  injection  of  tuberculin.  At  first  it  was 
thought  that  sanocrysin  killed  a  large  number  of  tubercle 
bacilli,  and  that  the  reaction  was  due  to  the  endotoxins 
which  were  consequently  set  free.  This  view  was  supported 
by  the  undoubted  fact  that  tubercle  bacilli  did  disappear  or 
become  very  scanty  in  the  sputum  after  injections  of  sano¬ 
crysin.  An  antitoxic  serum  was  prepared  and  given  before 
sanocrysin  in  order  to  counteract  the  reaction,  but  it  proved 
of  very  doubtful  value,  and  has  now  fallen  into  disuse.  In 
1890  Koch  discovered  that  a  preparation  of  gold  cyanide 
had  a  bactericidal  action  on  tubercle  bacilli,  but  it  was  sub¬ 
sequently  shown  that,  although  a  dilution  of  1  in  1,000,000 
prevented  the  growth  of  the  bacilli  in  culture,  it  required  a 
dilution  of  1  in  25,000  to  prevent  their  growth  in  serum. 
In  the  same  way  the  action  of  sanocrysin  on  tubercle  bacilli 
is  affected  by  serum.  Sweany  and  Wasick  (1)  tried  the  effect 
of  sanocrysin  on  tubercle  bacilli  that  had  been  kept  in  cultures 
for  four  years.  There  was  blackening  of  the  bacilli  after 
about  twelve  days  in  all  dilutions  up  to  1  in  20,000.  There 
was  complete  inhibition  of  growth  in  dilutions  up  to  1  in 

99  8—2 


100 


TREATMENT 


200,000,  partial  inhibition  up  to  1  in  500,000,  and  slight 
inhibition  lip  to  1  in  1,000,000.  But  in  a  more  recent  strain 
of  bacilli  some  colonies  grew  in  dilutions  of  1  in  20,000.  After 
tubercle  bacilli  had  been  exposed  for  two  hours  to  sanocrysin 
as  strong  as  1  in  1,000  in  salt  solution  and  serum,  they  grew 
on  Petroff  s  medium  quite  well,  and  even  after  sixty  days’ 
exposure  to  1  in  2,000  sanocrysin  the  culture  injected  into 
guinea-pigs  produced  tuberculosis.  Wright  (2)  found  sano¬ 
crysin  1  in  250  had  no  effect  on  tubercle  bacilli  in  blood. 
Sanocrysin  may  produce  shock  by  its  poisonous  action  on 
the  endothelium,  but  not  by  killing  tubercle  bacilli  and 
producing  a  tuberculin  reaction  from  the  endotoxins. 

At  first  when  sanocrysin  was  used  there  were  some  disas¬ 
trous  results.  About  16  per  cent,  died  as  a  direct  result  of 
the  treatment  either  from  shock  or  acute  metal  poisoning. 
Antitoxic  serum  was  used  because  it  was  then  believed  that 
shock  was  due  to  setting  free  endotoxins  from  killed  bacilli. 
It  was  not  successful,  however,  and  its  use  has  now  been 
abandoned  altogether  by  most  physicians.  As  a  matter  of 
fact,  the  serum  did  not  prevent  genuine  tuberculin  shock. 
By  decreasing  the  doses  and  lengthening  the  intervals  be¬ 
tween  them  these  severe  reactions  were  prevented.  Professor 
Faber  (3)  advised  dosage  of  0-5  grm.  intravenously  for  the 
first  dose,  and  1  grm.  for  subsequent  doses,  with  intervals 
of  three  days  between  the  first  two  doses  and  five  days 
between  the  subsequent  doses.  If  a  reaction  occurred  he 
stopped  the  treatment  until  all  signs  of  the  reaction  had  gone. 
Smaller  doses  are  now  frequently  used,  but  in  my  experience 
no  effect  is  produced  by  very  small  doses.  If  a  reaction 
occurs  it  is  my  practice  to  wait  until  all  effects  of  it  have 
passed,  and  then  to  repeat  the  same  dose.  I  do  not  increase 
the  dose  if  the  previous  injection  has  caused  any  reaction. 
If  no  reactions  occur  I  gradually  increase  the  dosage  up  to 
1  grm.,  which  I  repeat  three  or  four  times.  My  initial  dose 
is  0-1  grm.  ;  after  three  days  I  give  0-25  grm.,  and  then  at 
weekly  intervals  0-5,  0-75  and  1  grm.  A  course,  therefore, 


SANOCRYSIN 


101 


would  last  about  six  or  seven  weeks,  and  consist  of  5-6  grm. 
or  6-6  grm.  of  sanocrysin. 

Some  authors  claim  good  results  from  very  small  doses, 
but  I  have  never  seen  any  definite  results  with  such  doses. 
In  children  or  small  patients,  the  maximum  dose  may  be  0-5 
or  even  0-25,  and  reactions  may  be  produced. 

In  patients  who  are  acutely  ill,  a  small  dose  may  produce 
reactions,  for  sanocrysin  is  specific  for  tuberculosis  in  the 
sense  that  it  produces  an  effect  on  a  tuberculous  patient  with 
a  dose  that  has  no  effect  whatever  on  a  healthy  person.  In 
this  way  it  resembles  tuberculin,  but  in  both  cases  minute 
doses  are  in  my  experience  useless. 

In  some  acute  cases  I  have  given  daily  intravenous  injec¬ 
tions  of  0*1  grm.  sanocrysin  for  a  week,  and  then  after  a 
week’s  interval  repeated  the  course.  In  most  cases  this  has 
had  no  effect  for  good  or  bad,  and  in  the  few  where  improve¬ 
ment  has  occurred  I  have  not  convinced  myself  that  this  was 
due  to  the  sanocrysin  rather  than  to  the  rest  in  bed. 

Dr.  Clarke  (4)  has  written  a  full  account  of  the  uses  and 
dangers  of  sanocrysin,  and  describes  the  result  of  treatment 
in  18  cases.  In  common  with  other  observers,  he  noticed 
that  the  most  striking  effect  was  diminution  in  the  quantity 
of  sputum  and  the  number  of  tubercle  bacilli  found  in  it. 
Sputum  ceased  altogether  in  8  of  his  cases,  was  diminished 
in  4,  and  in  the  rest  there  was  no  change.  He  writes  : 
“  generally  one  or  two  tubercle  bacilli  could  be  found  after 
prolonged  search  as  long  as  any  sputum  was  coughed  up. 
On  the  other  hand,  there  is  no  doubt  that  the  number  of 
bacilli  tends  to  diminish  very  markedly.  Two  patients  who 
ceased  to  have  sputum  for  two  months  relapsed.  When  they 
began  to  produce  sputum  again  tubercle  bacilli  in  fair 
numbers  were  present.” 

In  my  series  of  sixty  I  divided  the  cases  into  five  groups  (5). 
All  these  patients  had  tubercle  bacilli  in  the  sputum  before 
treatment. 

1.  Chronic  fibro-caseous.  This  group  contained  28 
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patients,  and  of  these  19  improved,  8  remained  unchanged, 
and  1  appeared  worse  as  a  result  of  the  treatment.  15  lost 
tubercle  bacilli  from  the  sputum. 

2.  Cases  where  artificial  pneumothorax  had  been  induced 
for  disease  in  one  lung,  and  after  an  initial  improvement 
relapse  had  occurred  owing  to  spread  of  disease  in  the  other 
lung.  In  this  group  were  10  patients  ;  of  these  9  improved 
and  1  became  worse.  5  lost  tubercle  bacilli  from  the 
sputum. 

3.  Cases  with  active  tuberculosis  in  both  lungs.  The  worse 
lung  was  collapsed  by  artificial  pneumothorax,  and  sano- 
crysin  was  given  for  the  other  lung.  In  this  group  were  6 
patients,  of  whom  5  improved  and  1  remained  unchanged. 

4  lost  tubercle  bacilli  from  the  sputum. 

4.  Acute  pulmonary  tuberculosis  treated  by  sanocrysin 
without  pneumothorax.  There  were  13  cases  in  this  group. 

5  of  them  improved,  and  2  became  worse.  In  6  the  course 
of  the  disease  showed  no  change.  Only  1  lost  tubercle  bacilli 
from  the  sputum. 

5.  A  case  of  spontaneous  pneumothorax  and  2  of  pleural 
effusion,  with  active  tuberculosis  in  the  non-compressed 
lungs.  In  2  of  these  there  was  no  change,  and  1  became 
worse. 

Dr.  Clarke  also  noticed  that  in  some  of  his  cases  there  was 
an  eosinophilia  during  the  treatment,  but  it  subsided  after 
two  or  three  months.  In  one  of  his  cases  there  was  an  eosino¬ 
phil  count  of  34  per  cent.  In  many  of  his  cases  there  was  a 
fall  in  the  Arneth  count  after  an  injection  of  sanocrysin,  but 
in  favourable  cases  the  count  rose  after  24  to  48  hours,  and 
remained  high  for  some  months.  Those  of  his  cases  which 
did  not  show  this  fluctuation  in  the  Arneth  count  did  badly. 

The  sedimentation  test  is  affected  by  sanocrysin.  Dr. 
Trail  (6)  mentions  eleven  cases  treated  with  sanocrysin 
because  they  were  not  doing  well  and  still  had  tubercle  bacilli 
in  the  sputum  in  spite  of  four  months’  treatment.  The  initial 
result  of  this  treatment  was  a  rise  in  sedimentation  rate 
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followed  in  satisfactory  eases  by  a  fall,  which  was  as  much 
as  20  per  cent,  in  one  case.  Six  of  the  eleven  cases  became 
T.B.  negative.  Dr.  Heaf  (7)  found  a  similar  initial  improve¬ 
ment  in  the  sedimentation  rate,  but  in  over  75  per  cent,  the 
rate  increased  again  when  the  treatment  was  stopped. 

The  same  fluctuation  is  seen  in  the  vital  capacity.  After 
a  sanocrysin  reaction  the  capacity  falls,  but,  if  the  patient  is 
doing  well  under  the  treatment,  it  gradually  rises  and  reaches 
a  higher  level  than  previously.  The  improvement  after  sano¬ 
crysin  is  often  only  temporary,  and  when  a  relapse  occurs  the 
vital  capacity  will  gradually  fall  as  the  disease  spreads.  A 
steady  fall  in  the  vital  capacity  is  often  one  of  the  earliest 
indications  of  a  relapse. 

Indications. — It  often  happens  that  a  patient  improves 
under  sanatorium  or  other  treatment,  and  loses  all  symptoms 
except  sputum  containing  tubercle  bacilli.  In  these  cases 
sanocrysin  is  especially  useful,  and  will  frequently  cause  the 
sputum  to  disappear  after  two  or  three  injections,  although 
relapses  are  common.  In  one  case  a  man  of  fifty-five  had 
chronic  fibroid  tuberculosis  of  seven  years’  duration,  and 
there  was  X-ray  evidence  of  cavities  in  both  lungs^  He  was 
afebrile,  and  his  general  condition  was  good,  but  the  sputum 
was  loaded  with  tubercle  bacilli.  After  the  second  injection 
of  sanocrysin  the  sputum  was  much  lessened  in  quantity, 
and  tubercle  bacilli  were  found  with  difficulty.  After  the 
fourth  injection  no  bacilli  were  found,  but  otherwise  his 
condition  was  quite  unchanged.  Two  months  later  the 
sputum  again  contained  numerous  tubercle  bacilli. 

Patients  with  chronic  pulmonary  tuberculosis  often  have 
periods  of  comparative  good  health,  alternating  with  periods 
when  the  disease  progresses.  Sanocrysin  does  not  seem  to 
prevent  these  relapses,  but  it  does  seem,  in  many  cases,  to 
check  an  exacerbation  of  disease  and  bring  about  a  period 
of  arrest.  After  an  initial  period  of  improvement  many  of 
my  patients  relapsed,  but  in  some  this  was  controlled  by  a 
second  course  of  sanocrysin.  An  acute  exacerbation  in  a 
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chronic  case  is  often  checked  by  sanocrysin,  but  I  have  not 

found  much  result  from  the  treatment  in  the  primary  acute 
cases. 

In  many  patients  with  chronic  fibro-caseous  tuberculosis, 
the  disease  slowly  progresses,  and  in  these  sanocrysin  may 
be  useful  in  checking  the  spread  of  the  disease. 

I  have  found  sanocrysin  very  helpful  in  combination  with 
pneumothorax  in  the  treatment  of  bilateral  disease.  There 
are  certain  disadvantages  in  making  a  bilateral  pneumo¬ 
thorax,  and  I  generally  prefer  to  collapse  one  lung  fully  and 
give  sanocrysin  to  control  the  disease  in  the  other.  I  have 
now  had  eleven  cases  of  this  type,  and  eight  of  them  im¬ 
proved  and  showed  no  spread  of  disease  in  the  uncollapsed 
lungs. 

The  chief  indications  for  treatment,  therefore,  may  be 
grouped  under  four  headings  : — 

1.  To  diminish  the  quantity  of  sputum  and  number  of 
tubercle  bacilli. 

2.  To  check  an  acute  spread  of  disease. 

3.  To  treat  a  patient  who  is  getting  gradually  worse  under 
other  treatment. 

4.  To  treat  bilateral  disease  in  combination  with  artificial 
pneumothorax. 

Complications. — In  my  series  of  sixty  cases  the  following 
complications  were  observed  during  the  treatment  : 

1.  Febrile  reactions.  These  can  be  divided  into  three 
groups : 

First,  a  sudden  rise  of  temperature,  starting  an  hour 
or  less  after  the  injection  and  lasting  for  a  few  hours. 
There  is  always  a  feeling  of  malaise  during  the  reaction, 
and  sometimes  a  rigor.  This  short  reaction  occurred  in 
seventeen  of  my  cases. 

Secondly,  a  rise  of  temperature  which  may  start 
equally  suddenly,  but  which  may  persist  for  a  few  days, 
is  more  severe  than  the  first  type  of  reaction,  and  is 
accompanied  by  malaise,  headache  and  sometimes 
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vomiting.  This  type  of  reaction  was  seen  in  thirteen 
cases  in  my  series. 

Thirdly,  a  long  reaction  which  occurred  in  four  of 
my  patients.  The  temperature  did  not  begin  to  rise 
until  after  the  third  injection  of  sanocrysin.  The  rise 
was  gradual,  and  lasted  for  five  days  or  more.  In  one 
case  it  lasted  seventeen  days,  and  was  always  accom¬ 
panied  by  a  slight  amount  of  albuminuria,  but  with 
little  or  no  malaise. 

2.  Albuminuria.  A  very  faint  trace  of  albumin  was  found 
in  most  patients,  but  in  only  twenty-three  was  there  any 
definite  amount.  There  is  a  greater  tendency  for  albu¬ 
minuria  to  occur  as  the  treatment  continues,  and  this  is  one 
of  the  reasons  why  I  do  not  give  more  than  6-6  grm.  at  any 
one  course.  After  this  quantity  persistent  albuminuria 
may  begin.  In  most  of  my  cases  the  condition  was  very  mild 
and  transient,  and  only  in  one  case  did  I  have  to  discontinue 
the  treatment  on  this  account.  I  should  advise  stopping 
after  5-6  grm.  had  been  given  in  cases  where  more  than  the 
merest  trace  of  albumin  was  found  in  the  urine.  In  cases 
where  the  urea  concentration  test  was  made  this  was  always 
found  to  be  within  normal  limits  in  spite  of  the  albuminuria. 

3.  Gastro-intestinal  symptoms.  Vomiting  occurred 
directly  after  the  injection  in  thirteen  of  my  series,  and  was 
associated  with  a  febrile  reaction. 

Looseness  of  the  bowels  was  not  uncommon,  and  a  trouble¬ 
some  diarrhoea  developed  in  two  cases,  but  passed  off  in  a 
day  or  two  when  the  treatment  was  discontinued.  Two 
patients  had  a  mild  stomatitis  and  eight  complained  of  a 
metallic  taste. 

4.  Aching  in  the  limbs  and  rheumatic  pains  were  present 
in  seven  cases.  In  one  the  joint  pains  lasted  for  several  days, 
and  were  so  severe  that  the  sanocrysin  injections  were  stopped. 

5.  An  erythematous  rash  occurred  in  eleven  of  my  series, 
and  in  three  of  these  it  was  severe.  In  all  cases  where  a 
rash  appears  I  now  stop  the  treatment.  In  one  case  a  mild 
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rash  developed,  and  a  week  after  it  had  subsided  I  gave 
another  injection  of  0-1  grm.  sanocrysin,  which  was  followed 
by  a  severe  eczematous  rash.  The  bad  cases  went  on  to  a 
desquamative  dermatitis,  and,  although  in  the  end  all  did 
well  as  regards  their  pulmonary  condition,  the  complication 
was  by  far  the  most  serious  in  my  series,  and  for  this  reason 
I  should  not  advise  continuing  the  treatment  or  starting 
another  course  in  a  patient  who  had  developed  a  rash  after 
a  previous  injection. 

Results  of  Treatment. — In  all  my  cases  the  patients  were 
having  artificial  pneumothorax,  rest  in  bed  or  some  other 
form  of  treatment,  and  it  is  impossible  to  give  figures  which 
would  be  of  value  in  forming  an  opinion  as  to  the  exact 
results  of  sanocrysin  treatment.  If  two  patients  treated  by 
sanocrysin  improved  considerably  and  eventually  the  sputum 
cleared  up  altogether,  but  whereas  one  remained  well  the 
other  relapsed  after  a  few  months,  it  would  not  necessarily 
mean  that  sanocrysin  had  succeeded  in  one  case  and  failed 
in  the  other.  In  one  case  the  defensive  forces  of  the  body 
were  not  able  to  take  advantage  of  the  check  in  the  disease 
caused  by  the  sanocrysin  and  make  a  permanent  arrest,  but 
the  actual  effect  of  the  drug  may  have  been  exactly  the 
same  in  both  cases.  Relapses  are  very  common  after  this 
treatment,  and  in  the  majority  of  my  patients  the  loss  of 
sputum  was  only  temporary.  There  can  be  no  question, 
however,  that  sanocrysin  does  have  a  very  distinct 
immediate  effect  on  most  cases.  I  have  come  to  the 
following  conclusions  on  the  subject : — 

1.  Patients  with  chronic  pulmonary  tuberculosis  who  are 
failing  to  improve  or  becoming  slightly  worse  under  simple 
routine  treatment  do,  in  many  cases,  show  a  remarkable 
improvement  as  soon  as  they  are  given  sanocrysin,  and  the 
most  striking  change  is  the  diminution  in  the  quantity  of 
sputum  and  tubercle  bacilli.  In  most  cases  of  chronic 
pulmonary  tuberculosis  there  are  periods  of  quiescence  and 
activity.  Sanocrysin  seems  to  cut  short  that  period  of 
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activity  and  to  precipitate  one  of  quiescence  or  arrest,  but 
it  does  not  prevent  the  liability  to  relapse. 

2.  On  an  acute  case  sanocrysin  often  fails  to  produce  any 
effect  whatsoever,  but  sometimes  will  check  the  spread  of 
the  disease. 

3.  Sanocrysin  should  be  regarded  as  a  drug  which,  in 
certain  cases,  aids  other  methods  of  treatment.  It  is  not 
a  cure,  and  is  never  more  than  part  of  the  treatment. 

4.  The  dangers  and  complications  of  sanocrysin  treatment 
are  not  great  provided  the  dosage  is  carefully  regulated. 
Large  doses  are  dangerous  and  small  ones  useless,  so  that  it  is 
necessary  to  adopt  a  medium  standard  of  dosage. 

5.  Sanocrysin  does  not  act  by  killing  the  tubercle  bacilli 
in  vivo.  It  probably  has  two  actions,  one  which  occurs  only 
when  sufficient  has  been  given  to  produce  a  reaction  or 
shock,  and  this  is  comparable  to  the  action  of  other  substances, 
such  as  T.A.B.,  or  serum.  The  other,  which  is  not  con¬ 
nected  with  the  ordinary  result  of  shock,  consists  in  stimu¬ 
lating  certain  parts  of  the  body  to  destroy  the  bacilli.  How 
this  result  is  produced  is  not  known,  but  sanocrysin  does 
certainly  differ  from  other  substances  so  far  employed  in 
that  when  given  intravenously  to  a  consumptive  patient  the 
tubercle  bacilli  tend  to  disappear  from  the  sputum  in  a  very 
short  space  of  time. 

There  are  other  preparations  of  gold  now  on  the  market, 
but  although  my  experience  of  them  is  very  limited,  I  have 
not  found  any  of  them  so  good  as  sanocrysin.  Allocrysin  is 
being  used  chiefly  in  Switzerland  at  present,  and  has  the 
advantage  that  it  can  be  given  intramuscularly,  but  I  have 
not  seen  the  same  results  as  with  sanocrysin. 

Solganal  is  another  substitute,  but  I  have  found  is  less 
satisfactory  than  sanocrysin.  Saegler  (8)  describes  its  use. 
The  action  of  another  preparation  known  as  triphal  is 
described  by  Melion  (9).  At  the  present  time,  however,  I 
think  sanocrysin  is  the  best  preparation. 

Other  metals  have  been  used  in  the  treatment  of  pulmonary 
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tuberculosis  besides  gold.  The  intravenous  injection  of 
copper  produced  results  similar  to  sanocrysin,  and  certainly 
did  good  in  some  cases,  but  the  reactions  were  too  severe,  and 
it  has  fallen  into  disuse.  Moxey  (10)  describes  the  results  of 
350  patients  treated  by  antimony,  but,  as  with  arsenic,  there 
is  no  direct  effect  on  the  tuberculosis.  Arsenic  has  a  tonic 
effect,  and  sodium  cacodylate  is  an  old  remedy.  Liquor 
arsenicalis,  however,  is  of  equal  value  as  a  tonic. 
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Serum. — Antituberculous  serum  has  been  used  in  the 
attempt  to  counteract  tuberculous  toxaemia,  but  has  had 
no  success.  Various  preparations  of  serum  have  been  tried 
by  different  workers,  but,  although  some  have  reported 
encouraging  results,  there  is  no  real  evidence  that  any 
particular  serum  has  produced  definite  benefit,  and  the  use 
of  serum  in  tuberculosis  has  fallen  into  disuse. 

As  with  tuberculin,  if  the  dose  of  serum  is  increased  to 
the  extent  that  it  produces  shock,  benefit  may  follow.  I 
have,  however,  obtained  the  same  result  with  normal  horse 
serum. 

Fig.  12  shows  a  case  treated  with  antituberculous  serum. 


Fig.  12. — -Temperature  chart  in  a  case  of  pulmonary  tuberculosis 
treated  by  injections  of  serum.  The  figures  at  the  bottom 
of  the  chart  show  the  number  of  c.cm.  of  serum  given  on 
the  various  days. 

The  patient,  a  girl  of  twenty-one,  had  an  acute  exacerbation 
of  pulmonary  tuberculosis,  and  had  six  subcutaneous  injec¬ 
tions  of  the  serum  in  10-c.cm.  doses  without  effect.  When 
40  c.cm.  were  injected  she  had  a  reaction,  followed  by  a 
lowering  of  the  temperature.  After  a  second  dose  of  40  c.cm. 
a  similar  reaction  occurred,  and  a  week  later  it  was  decided 
to  give  her  a  third  dose  of  40  c.cm.  On  this  occasion, 
however,  when  20  c.cm.  had  been  injected  she  had  anaphy¬ 
laxis,  that  is  to  say,  she  suddenly  collapsed,  stopped  breath¬ 
ing,  was  pulseless,  lost  control  of  her  bladder  and  rectum, 
became  livid  and  appeared  to  be  dead.  She  recovered, 
however,  and  from  that  time  steadily  improved.  The 
temperature  became  normal,  the  pulse  fell  from  120  to  80, 
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tubercle  bacilli  disappeared  from  the  sputum,  and  six  months 
later  she  was  in  a  sanatorium  walking  five  miles  a  day. 

In  this  case  I  believe  the  improvement  was  due  to  the 
shock,  and  not  to  any  specific  action  of  the  serum. 

Tuberculin. — Tuberculin  has  been  used  for  many  years  in 
the  treatment  of  tuberculosis.  When  it  was  first  introduced 
there  was  a  wave  of  enthusiasm,  and  it  was  regarded  as  a 
cure.  The  results  were  disappointing,  however,  and  it 
appeared  to  make  matters  worse  in  many  cases.  Opinion 
began  to  swing  to  the  other  extreme,  and  tuberculin  was 
looked  upon  not  only  as  useless,  but  as  actually  dangerous. 
Since  that  time  it  has  practically  fallen  into  disuse,  except 
by  a  few  disciples,  some  of  whom  are  lukewarm  and  others 
ardent  in  its  praises.  It  is,  however,  a  fact  that  after  nearly 
fifty  years  the  believers  have  failed  to  convince  the  world 
that  tuberculin  has  any  real  value  in  treatment,  and  even 
in  veterinary  work  it  has  not  established  its  position  as  of 
therapeutic  use.  The  arguments  in  favour  of  tuberculin 
may  be  summed  up  : — 

1.  Whatever  may  be  the  theories  or  results  in  animal 
experiments,  tuberculin  has  been  found  to  do  good  to  cases 
of  pulmonary  tuberculosis  in  man. 

2.  Patients  with  incipient  pulmonary  tuberculosis  treated 
with  tuberculin  fail  to  develop  the  disease,  and  a  strong 
hypersensitiveness  is  corrected,  so  that  after  the  treatment 
the  patients  fail  to  react  even  to  large  doses  of  tuberculin. 

3.  Some  patients  who  have  failed  to  improve  under 
sanatorium  or  other  treatment  do  improve  with  tuberculin. 

In  answer  to  these  views  it  may  be  urged  : — ■ 

1.  The  great  majority  of  investigators  have  failed  to 
observe  any  real  benefit  from  tuberculin.  Tuberculosis  tends 
to  cure  itself,  and  a  certain  proportion  of  patients  do  get  well 
without  any  treatment  at  all.  Most  observers  have  failed 
to  convince  themselves  that  this  proportion  is  increased  by 
the  use  of  tuberculin. 

2.  Patients  who  are  hypersensitive  to  tuberculin  do  not 
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necessarily  develop  clinical  pulmonary  tuberculosis.  The 
so-called  incipient  type  of  case  is  just  the  type  that  does 
well  under  any  treatment.  In  1913  I  collected  twenty-three 
cases  of  children  who  were  sent  to  my  out-patient  depart¬ 
ment  at  Brompton  Hospital  as  suspected  cases  of  tubercu¬ 
losis  and  who  had  a  positive  Von  Pirquet  test.  In  1920  all 
these  children  were  traced  and  all  were  well,  yet  none  of 
them  had  had  any  tuberculin  treatment. 

3.  Some  patients  certainly  do  improve  under  tuberculin 
treatment,  but  others  do  not.  It  is  possible  to  find  a  patient 
who  has  improved  under  any  one  treatment,  though  several 
other  treatments  have  failed.  Pulmonary  tuberculosis  is  a 
disease  that  ebbs  and  flows.  There  are  patients  who  failed 
to  improve  with  tuberculin,  but  became  rapidly  better 
when  it  was  stopped,  and  some  other  treatment  started. 
When  a  patient  with  acute  febrile  tuberculosis  goes  to  bed 
the  temperature  usually  settles  down  quickly.  If  it  does  not 
do  so  the  addition  of  tuberculin  to  the  treatment  does  not 
cause  it  to  fall.  After  a  tuberculin  reaction  there  is  a 
tendency  for  the  temperature  to  fall,  but  the  same  is  seen 
after  a  reaction  following  non-specific  protein  such  as  T.A.B., 
or  normal  horse  serum.  In  other  words,  the  beneficial  effect 
of  certain  treatment  such  as  rest  in  bed,  is  plain,  whereas 
the  benefit  of  tuberculin  is  still  a  matter  of  debate. 

I  have  seen  many  cases  of  tuberculin  reaction,  and  in  my 
experience  the  effects  soon  wear  off,  leaving  no  damage 
even  after  a  severe  reaction.  Sometimes  a  serious  and  even 
fatal  flare-up  of  the  disease  may  be  initiated  by  tuberculin, 
but  the  chances  of  this  are  remote,  and  it  should  not  occur 
if  the  tuberculin  is  properly  used.  Any  drug  is  dangerous 
in  the  hands  of  those  who  have  no  knowledge  of  its  effects. 
I  have  seen  good  effects  follow  a  reaction,  and  shall  refer  to 
this  matter  under  Shock  Therapy,  but  apart  from  shock  or 
reaction  I  have  failed  to  find  a  single  case  in  which  tuberculin 
could  be  clearly  shown  to  have  been  of  therapeutic  value. 

A  few  years  ago  Professor  Dreyer  prepared  a  defatted 
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tuberculin,  which  was  known  as  diaplyte,  and  this  was  given 
a  thorough  trial  under  the  auspices  of  the  Medical  Research 
Council,  but  the  hopes  that  were  entertained  for  it  were  not 
realised.  Dr.  Bardswell  (1),  after  trying  tuberculin  at  King 
Edward  VII.  Sanatorium,  Midhurst,  writes  :  “  Collectively 
the  results  point  to  the  conclusion  that  tuberculin  when 
given  in  addition  to  the  usual  measures  practised  in  the 
sanatorium  had  no  appreciable  effect  either  for  good  or  ill.” 

I  have  formed  the  following  conclusions  regarding  the 
therapeutic  use  of  tuberculin  : — 

1.  The  improvement  which  occasionally  follows  tuberculin 
reaction  may  be  seen  after  shock  following  the  injection  of 
other  substances,  such  as  normal  horse  serum.  Apart  from 
this  action  tuberculin  has  no  therapeutic  value  whatever. 

2.  An  overdose  of  tuberculin  may  do  considerable  harm, 
but  it  is  a  perfectly  safe  method  of  treatment  if  used  by 
any  one  with  experience.  The  dangers  of  tuberculin  have 
been  very  much  exaggerated,  and  any  ill-effect  is  due  to  its 
misuse,  and  not  its  use. 
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Shock  Therapy. — -When  tuberculin  or  live  tubercle  bacilli 
are  injected  into  a  sensitive  animal  there  is  an  allergic 
reaction.  A  reaction  may  also  occur  when  certain  other 
substances  are  injected  ;  for  example,  non-specific  vaccine 
(such  as  T.A.B.),  copper,  gold,  normal  horse  serum,  etc.  (1). 
These  reactions  are  similar  to  anaphylaxis.  In  the  case  of 
tuberculin  it  requires  but  a  small  dose  to  produce  a  reaction 
in  those  who  are  sensitive  to  it,  just  as  a  specific  protein 
will  produce  a  reaction  in  a  patient  (with  asthma,  for 
example)  sensitive  to  it.  A  tuberculin  or  allergic  reaction  is 
specific  because  it  is  not  obtained  in  those  who  are  non¬ 
sensitive,  but  the  reaction  does  produce  a  shock  very  similar 
to  that  produced  by  copper  or  other  substances,  and  very 
similar  to  anaphylaxis.  I  must  emphasise  that  I  do  not 
deny  that  tuberculin  has  a  specific  action,  and  I  do  not 
suggest  shock  or  reaction  are  the  only  effects  of  a  given  drug 
or  vaccine.  Sanocrysin,  for  example,  tends  far  more  than 
other  drugs  to  cause  diminution  of  sputum  and  disappearance 
of  tubercle  bacilli.  My  suggestion  is  that  the  shock  by 
itself  does  have  some  effect  on  the  disease.  I  have  already 
described  the  case  of  a  girl  (p.  109)  who  had  anaphylaxis 
whilst  antituberculous  serum  was  being  given.  The  following 
cases  will  show  under  what  various  conditions  a  shock  may 
occur  and  prove  beneficial : — 

Case  1. — A  man  of  twenty-two  developed  signs  of  pul¬ 
monary  tuberculosis  early  in  1921,  and  at  the  end  of  the  year 
went  into  a  sanatorium.  He  then  had  signs  of  disease  all 
over  the  right  lung,  sputum  loaded  with  tubercle  bacilli,  and 
an  evening  temperature  of  102  F.  Right  artificial  pneumo¬ 
thorax  was  started  in  December,  1921,  but  he  remained  ill 
and  febrile  until  May,  1922,  when  he  had  a  sudden  reaction 
with  increase  of  fever,  and  pleural  effusion  developed. 

The  sudden  nature  of  this  reaction  and  the  fact  that  the 
intrapleural  pressure  went  at  once  from  —  6  to  +  8  suggests 
that  a  perforation  of  the  lung  had  taken  place.  Within  a 
month  not  only  did  the  effects  of  the  reaction  wear  off,  but 


P.T. 


9 


114 


TREATMENT 


the  temperature  became  normal,  his  whole  condition  gradu¬ 
ally  improved  and  he  left  the  sanatorium  free  from  symptoms 
in  May,  1923.  The  pneumothorax  was  kept  up  until  May, 
1924,  and  since  then  he  has  kept  perfectly  well.  Now, 
over  six  years  later,  he  is  still  free  from  symptoms,  and  is 
leading  a  normal  life. 

Case  2. — A  woman  of  twenty-six  with  extensive  signs  in 
the  right  lung,  tubercle  bacilli  in  the  sputum,  temperature 
101  F.,  and  signs  of  toxaemia  was  being  treated  by  artificial 
pneumothorax.  During  the  fifth  refill,  when  300  c.cm.  of 
air  had  been  introduced  and  the  intrathoracic  pressure  was 
—  6  —  1,  she  suddenly  became  very  cyanosed,  gasped  for 

breath  and  lost  consciousness.  She 
recovered  in  half  an  hour  and  after¬ 
wards  began  to  improve.  Fig.  13 
shows  the  temperature.  In  this 
case  the  improvement  did  not  last 
long.  She  relapsed  and  died  about 

Fig.  13. — Temperature  chart  a  year  later. 

showing  the  effect  of  pleural  Case  3. — A  man  had  a  tuberculous 

shock  occurring  at  p. 

sinus  from  the  transverse  process 
of  one  of  the  vertebrae.  This  showed  no  sign  of  healing,  in 
spite  of  prolonged  treatment.  He  was  having  mild  sunlight 
treatment,  and  one  day,  after  an  exposure  to  the  sun,  which 
was  more  than  double  the  usual,  he  had  a  reaction  and  high 
temperature,  and  felt  that  he  had  done  himself  harm.  But 
the  sinus  began  to  heal  after  this,  and  has  shown  no  sign  of 
breaking  down  since. 

Fig.  14  shows  the  temperature  of  a  patient  following  only 
10  c.cm.  of  serum.  He  never  rallied  and  died  in  a  few  weeks. 
This  is  no  isolated  case,  and  a  reaction,  whether  specific  or 
not,  may  lead  to  disastrous  results.  For  this  reason  most 
physicians  try  to  avoid  reactions,  whatever  drug  or  vaccine 
they  may  be  using.  In  some  of  the  cases  I  have  described 
a  violent  reaction  occurred,  and  it  does  not  seem  to  me  to  be 
justifiable  to  cause  such  a  reaction  intentionally.  The  two 
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most  dreaded  and  fatal  accidents  in  pneumothorax  treat¬ 
ment  are  pleural  shock  and  rupture  of  lung,  yet  in  Case  2 
the  patient  had  a  definite  period  of  improvement  after 
pleural  shock,  and  in  Case  1  the  patient  suddenly  began  to 
improve  and  made  an  uninterrupted  recovery  after  reaction 
resulting  from  rupture  of  the  lung. 

It  is  not  only  in  cases  of  tuberculosis  that  improvement 
may  follow  shock.  During  the  war  I  treated  several  cases 
of  enteric  fever  with  intravenous  injections  of  colloidal  gold. 
The  injection  was  generally  followed  by  a  rigor,  or  at  least  a 
sudden  rise  in  the  temperature,  but  when  the  initial  reaction 
was  over  the  temperature  would  fall  for  a  few  days,  and  in 
some  cases  would  remain 
normal.  The  same  may  be 
seen  when  mercuric  chloride 
is  given  intravenously  in  cases 
of  toxic  pneumonia  or  other 
acute  infections.  It  is  diffi¬ 
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a  dose  of  mercuric  chloride  as  an  intra-muscular  injection  of 

i  i  j-  ,  10  c.cm.  serum, 

gr.  iV  can  have  any  direct 

effect  on  the  micro-organisms,  and  it  would  appear  that 
the  result  is  due  to  the  shock. 

For  these  reasons  when  a  patient  with  pulmonary  tubercu¬ 
losis  is  rapidly  or  steadily  losing  ground  and  other  treatment 
has  failed,  I  think  it  is  good  treatment  to  increase  the  dose  of 
sanocrysin,  serum,  or  whatever  is  being  given  until  a  reaction 
is  produced.  The  most  striking  case  of  improvement  from 
this  method  occurs  in  young  patients  of  fourteen  to  eighteen 
years  of  age  with  acute  pulmonary  tuberculosis.  It  is, 
however,  a  method  that  must  be  used  with  the  greatest 
caution,  and  one  should  always  start  with  small  doses  to 
avoid  a  severe  reaction  in  a  patient  especially  sensitive. 
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Calcium. — Calcium  has  been  advocated  in  the  treatment 
of  tuberculosis,  especially  to  control  haemoptysis  or  diarrhoea. 
Its  effect  is  distinctly  disappointing,  as  theoretically  it  should 
be  of  great  value.  Not  only  does  calcification  play  an  impor¬ 
tant  role  in  the  cure  of  tuberculous  lesions,  but  there  is  a 
calcium  deficiency  in  the  blood  of  tuberculous  patients. 
Moreover,  workers  in  lime  are  notoriously  free  from  tuber¬ 
culosis.  Half  the  calcium  chloride  injected  intravenously  is 
excreted  in  the  urine  within  three  hours,  and  the  remainder 
is  excreted  within  the  first  three  days,  so  that  a  calcium 
deficiency  cannot  be  overcome  by  periodic  injections  of 
calcium  chloride.  It  is  possible,  however,  to  overcome  the 
deficiency  for  a  time,  and  thus  tide  over  a  dangerous  period, 
as  in  a  case  of  haemoptysis.  Prest  (1)  describes  a  series  of 
cases  treated  with  collosol  calcium.  He  gave  0-5  c.cm.  hypo¬ 
dermically  at  intervals  of  a  week  or  longer.  In  a  few  cases 
there  was  some  reaction,  but  no  serious  complication  arose. 
In  many  patients  he  noted  distinct  improvement,  such 
symptoms  of  activity  as  night  sweats  disappearing  readily 
under  the  treatment. 

Ringer  and  Minor  (2)  describe  the  treatment  of  intestinal 
tuberculosis  by  injections  of  5  to  10  c.cm.  of  a  5  per  cent, 
solution  of  calcium  chloride.  They  formed  the  opinion  that 
this  treatment  gives  great  relief  in  cases  of  tuberculous 
diarrhoea.  When  there  is  actual  tuberculous  ulceration  of 
the  intestine  it  is  difficult  to  understand  how  calcium  can 
influence  the  condition,  for  post-mortem  examinations  show 
that  the  ulceration  remains  even  after  prolonged  calcium 
treatment.  However,  as  these  authors  point  out,  a  drug 
which  does  good,  though  we  know  not  how,  is  of  more  value 
than  one  which  fails  to  relieve,  although  in  theory  it  should 
do  so. 

In  my  experience  calcium  given  by  any  method  has  no 
definite  effect  on  tuberculous  diarrhoea.  In  cases  of  colitis 
and  non-tuberculous  diarrhoea  I  have  seen  great  benefit  from 
the  use  of  calcium,  and  I  use  it  in  tuberculous  cases,  though 
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so  far  the  results  in  my  cases  have  been  disappointing.  I  have 
seen  improvement,  but  have  never  proved  that  this  was  in 
fact  due  to  the  calcium.  This  type  of  diarrhoea  can  usually 
be  controlled  by  diet,  and  if  milk  is  withheld  and  a  more  solid 
diet  substituted,  it  is  almost  always  much  relieved  if  not 
quite  stopped. 

Maendl  (3)  describes  the  results  of  treating  250  cases  with 
intravenous  injections  of  calcium,  and  he  notes  improve¬ 
ment  and  disappearance  of  symptoms  of  activity.  For 
haemoptysis  he  gave  5  c.cm.  of  a  10  per  cent,  solution  of 
calcium  chloride  intravenously,  and  repeated  the  injection 
eight-hourly.  The  result  of  this  treatment  was  very  satis¬ 
factory,  and  the  haemorrhage  sometimes  stopped  with 
remarkable  rapidity.  H.  Elving  (4)  also  found  calcium 
chloride  a  successful  haemostatic.  He  gave  as  much  as 
3  grm.  (20  c.cm.  of  15  per  cent,  solution)  of  calcium  chloride 
intravenously  without  ill- effect,  and  found  that  the  coagula¬ 
tion  rate  of  the  blood  in  one  case  was  increased  from  five 
and  a  half  to  half  a  minute,  and  there  was  always  a  consider¬ 
able  increase. 

I  have  given  weekly  subcutaneous  injections  of  1  c.cm. 
collosol  calcium  to  thirty  sanatorium  cases,  and  did  not 
observe  any  change  which  could  be  attributed  to  the  treat¬ 
ment.  Most  of  the  patients  improved,  as  most  do  in  a  sana¬ 
torium,  but  it  was  impossible  to  say  from  the  symptoms  or 
course  of  the  disease  which  patient  had  calcium  and  which 
had  not. 

Given  intravenously  I  have  seen  no  effect  except  an 
occasional  slight  reaction  such  as  so  frequently  accompanies 
other  drugs  injected  intravenously.  I  have  tried  daily 
intravenous  doses  of  5  c.cm.  of  a  10  per  cent,  solution  in 
acute  cases  without  any  result. 

For  haemoptysis  calcium  may  well  be  tried.  It  will  not,  of 
course,  control  a  large  haemorrhage,  but  it  may  check  con¬ 
tinuous  slight  bleeding,  and,  moreover,  it  is  a  perfectly  harm¬ 
less  method  of  treatment. 
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The  parathyroids  assist  calcium  metabolism,  and  para¬ 
thyroid  gr.  given  three  times  a  day  may  assist  the  treat¬ 
ment.  Cod-liver  oil  or  some  preparation  rich  in  vitamin  D 
may  with  advantage  be  combined  with  calcium  treatment. 
Ellman  (5)  gives  a  full  account  of  calcium  metabolism  and 
parathyroid  function. 
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Cod-liver  Oil. — This  is  an  old  remedy,  and  is  still  con¬ 
sidered  by  some  to  have  a  specific  effect  on  tuberculosis.  It 
is  undoubtedly  of  the  greatest  use  in  certain  cases,  bul; 
should  not  be  given  as  a  routine.  It  is  rich  in  vitamins  A  and 
D,  and  recent  knowledge  of  vitamins  and  the  effect  of  ultra¬ 
violet  light  suggest  an  explanation  of  the  value  of  cod-liver 
oil  in  treatment.  Concentrated  vitamins  may  now  be 
obtained,  and  I  have  used  viosterol  combined  with  calcium 
and  parathyroid,  but  as  yet  I  have  not  seen  any  benefit  from 
this  treatment. 

Sodium  Morrhuate. — -This  is  a  sodium  salt  of  cod-liver  oil, 
which  has  been  advocated  in  the  treatment  of  pulmonary 
tuberculosis.  It  is  given  by  subcutaneous  injection  in  doses 
of  from  0-1  to  1  c.cm.  of  a  3  per  cent,  solution.  In  forty  cases 
treated  at  the  Brompton  Hospital  with  doses  of  1  c.cm.  twice 
a  week,  I  found  no  benefit,  and  there  was  no  evidence  of  any 
more  gain  in  weight  than  occurred  in  similar  patients  not 
having  the  treatment.  I  have  frequently  given  a  course  of 
injections  to  out-patients  who  were  losing  weight  or  doing 
badly,  and  have  found  it  without  effect. 

Dr.  Jessel  (1)  treated  seventeen  male  patients  at  Peel  Hall 
Pulmonary  Hospital,  and  his  conclusions  were  “  no  evidence 
that  subcutaneous  injections  of  a  3  per  cent,  solution  of 
sodium  morrhuate  in  doses  of  0*1  to  0*9  c.cm.  have  any 
material  influence  upon  the  course  of  tuberculosis  in  the 
chronic  or  advanced  stages.” 
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TREATMENT — Contd. 

Sanatorium 

Sanatorium  treatment  consists  of  many  factors  of  varying 
importance  to  the  combined  action  of  which  results  are  due. 
It  may  be  said  to  have  developed  out  of  the  44  open-air 
therapy,”  but  it  must  be  clearly  understood  that  fresh  air 
is  but  a  small  part  of  the  treatment,  and  so-called  “  sana¬ 
torium  treatment  at  home  ”  usually  fails  because  it  is  not 
possible  to  produce  at  home  all  the  factors  which  are  present 
in  a  sanatorium.  Sir  J.  Kingston  Fowler  (1),  said  :  “  The  so- 
called  4  open  air  ’  method  was  first  systematised  and  carried 
out  in  a  sanatorium,  and  although  the  name  is  not  free  from 
objections,  I  think  it  is  better  to  call  it  the  4  Sanatorium 
treatment  ’  ;  we  shall  at  any  rate,  by  so  doing,  avoid  the 
risk  of  its  being  supposed  that  a  patient  with  tuberculosis 
of  the  lungs,  who  is  merely  being  exposed  to  the  open  air,  is 
being  treated  according  to  any  approved  method.”  It  may 
be  said  that  there  are  two  main  factors  in  sanatorium  treat¬ 
ment  :  First,  to  teach  the  patient  how  to  live  under  his 
altered  circumstances  ;  and,  secondly,  to  train  the  body  to 
as  high  a  condition  of  physical  fitness  as  possible.  Of  the 
many  factors  which  go  to  make  up  this  treatment  may  be 
mentioned  rest,  exercise,  fresh  air,  diet,  routine  life  with 
regular  habits,  treatment  of  symptoms,  etc.  This  system  of 
tieatment  cannot  be  followed  out  except  under  constant 
supervision,  and  the  degree  of  its  success  is  largely  dependent 
on  the  personality  of  the  medical  superintendent.  Nor- 
drach-in-Baden  Sanatorium,  in  the  Black  Forest,  was 
founded  by  Otto  Walther,  a  pioneer  of  sanatorium  treat- 
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ment.  It  was  said  of  him  that  he  inspired  the  patients  with 
courage  and  the  desire  to  live  and  to  work.  The  same  may 
be  said  of  Trudeau,  who  started  the  sanatorium  at  Saranac 
Lake.  Those  who  say  that  sanatorium  treatment  has  failed 
are  ignorant  of  the  state  of  things  before  it  was  introduced. 
They  often  fail  to  understand  the  type  of  case  for  which  a 
sanatorium  is  intended  or  are  unlucky  or  unwise  in  their 
choice  of  a  sanatorium.  The  site  of  a  sanatorium  is  important, 
but  of  far  greater  importance  is  the  medical  staff,  especially 
the  medical  superintendent. 

It  is  impossible  to  over-rate  the  value  of  sanatorium  treat¬ 
ment  at  the  proper  stage  of  the  disease,  and  although  very 
few  patients  want  to  go  into  a  sanatorium  the  great  majority 
of  them  settle  down  when  there  and  they  will  admit  that 
they  are  getting  treatment  and  management  which  cannot 
be  obtained  at  home.  Very  occasionally  one  finds  a  patient 
whose  temperament  is  such  that  he  finds  the  routine  too 
irksome  and  has  to  leave,  but  this  type  of  patient  almost 
always  does  badly.  Most  patients,  when  once  they  have 
become  accustomed  to  sanatorium  ways,  prefer  to  stay  as 
long  as  their  treatment  requires  many  restrictions.  To  them 
life  as  an  invalid  at  home,  with  brothers  and  sisters  leading 
a  normal  life  around  them,  is  harder  than  at  a  sanatorium 
with  others  leading  a  similarly  restricted  life. 

Dr.  Wingfield  (2)  gives  three  main  objectives  in  sanatorium 
treatment  : — • 

1.  Regaining  health  or  resistance. 

2.  Consolidating  this  gain. 

3.  Education. 

He  points  out  that  the  best  results  can  be  obtained  only 
after  long  treatment,  such  as  nine  months  or  a  year,  although 
in  more  advanced  cases,  where  arrest  is  out  of  the  question, 
patching  up  can  be  accomplished  in  half  or  quarter  of  this 
time.  Those  who  have  visited  Swiss  sanatoria  must  have 
been  impressed  with  the  length  of  stay  in  the  sanatorium  of 
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some  of  the  most  successful  cases.  It  is  no  uncommon  thing 
to  find  a  patient  who  has  been  two  or  more  years  in  the 
institution.  The  co-operation  of  the  patient  is  essential, 
and  Dr.  Wingfield  says  that  a  patient  should  be  encouraged 
to  ask,  “  How  well  can  I  get  ?  ”  rather  than  “  How  soon  can 

1  get  home  ?  ”  He  also  emphasises  the  fact  that  treatment 
should  be  varied  according  to  the  patient  and  should  not  be 
rigidly  the  same  for  all.  “  What  is  grade  5  to  an  ill-developed, 
elderly,  emphysematous  clerk  may  be  only  grade  2  to  a 
muscular  young  policeman.” 

Rest  is  an  important  part  of  sanatorium  life  and  is  taken 
lying  on  a  bed  or  couch  at  stated  hours,  such  as  12  to  1, 

2  to  4  and  6  to  7.  In  most  Swiss  sanatoria  these  rest  hours 
are  called  “  cures,”  and  are  usually  spent  on  couches  on 
the  balcony.  The  hours  of  getting  up  and  going  to  bed,  and 
the  exact  amount  of  rest  taken  during  the  day,  will  depend 
on  the  condition  of  the  patient.  Exercise  is  also  necessary, 
and  one  of  the  most  difficult  parts  of  sanatorium  treatment 
is  to  judge  the  correct  proportion  of  rest  and  exercise  required 
to  give  the  best  results. 

At  many  sanatoria  walking  is  the  only  form  of  exercise 
permitted,  and  it  is  a  very  good  rule  to  allow  no  other  form 
of  exercise  for  a  least  two  years  after  the  disease  has  become 
arrested.  Patients  should  never  run  and  should  not  walk 
quicker  than  three  miles  an  hour.  Relapse  is  more  likely  to 
occur  from  over-exercise,  especially  outdoor  games,  than 
from  any  other  cause. 

For  patients  who  have  to  earn  their  living  by  manual 
labour  a  system  of  graduated  labour  may  be  employed  when 
they  have  finished  the  initial  period  of  rest.  Marcus  Pater¬ 
son  (3)  developed  this  system  at  Frimley  Sanatorium. 

It  is  well  known  that  exercise  is  followed  by  a  reaction  in 
a  tuberculous  patient,  and  Paterson  believed  that  these 
reactions,  if  carefully  controlled  by  the  physician  ordering 
the  right  amount  of  exercise,  were  beneficial  and  that  the 
patient  was  in  effect  being  treated  by  his  own  tuberculin. 
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Whether  this  is  the  true  explanation  or  not,  the  results  of 
the  treatment  were  very  good,  and  many  patients  left  the 
sanatorium  capable  of  doing  a  full  day’s  manual  labour 
without  harm.  At  the  present  time  a  system  of  graduated 
labour  is  employed  at  Frimley  Sanatorium.  The  patients  at 
first  keep  to  walking  exercise,  but  when  they  are  sufficiently 
strong  they  begin  a  system  of  grade  work. 

Grade  1. — Carrying  small  gardening  basket  about  three 
miles. 

Grade  2. — Carrying  heavier  basket  the  same  distance. 
Light  painting.  Potting. 

Grade  3. — Hoeing  and  light  digging.  Using  light  roller  or 
hand  cart. 

Grade  4. — Digging  and  trenching  with  small  spades. 
Cross-cut  sawing. 

Grade  5. — Digging  and  trenching  with  full-sized  tools. 
Garden  truck  work. 

No  rapid  work  should  be  allowed  and  sudden  spurts  are 
harmful.  It  is  most  helpful  to  have  an  ex-patient  as  fore¬ 
man  to  supervise  the  working  parties,  for  this  gives  great 
encouragement  to  the  patients,  who  see  in  the  “  cured  ” 
foreman  an  example  of  the  results  of  treatment.  There  is 
undoubtedly  more  danger  in  employing  graduated  labour 
than  merely  walking  exercises,  and  the  work  must  be  super- 
vised  with  the  greatest  care,  but  amongst  the  working  classes 
it  has  many  advantages. 

Drs.  Cooper  and  Dow  (4)  describe  certain  exercise  tests 
which  were  employed  at  Frimley  Sanatorium.  They  took 
100  patients,  and  those  who  seemed  likely  to  respond  well 
to  treatment  and  to  have  a  good  ultimate  prognosis  they 
classed  as  satisfactory,  the  others  as  unsatisfactory.  There 
were  forty  satisfactory  and  sixty  unsatisfactory  in  their 
series.  The  tests  consisted  in  the  effects  of  exercise  (such  as 
a  four-mile  walk)  on  pulse,  temperature  and  respiration. 
They  classified  the  results  of  these  tests  as  : — - 

Good. — If  the  pulse-rate  fell  to  within  ten  beats  of  the 
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resting  pulse-rate  within  five  minutes  of  stopping  exercise  and 
there  was  no  dyspnoea  or  rise  of  temperature. 

Intermediate. — If  the  pulse-rate  fell  to  within  ten  beats 
of  the  resting  pulse-rate  within  half  an  hour  of  stopping 
exercise  and  there  was  no  rise  of  temperature  and  no  marked 
dyspnoea. 

Bad. — If  the  pulse-rate  did  not  fall  to  within  ten  beats  of 
the  resting  pulse-rate  within  half  an  hour.  There  may  be  a 
rise  of  temperature  and  dyspnoea. 

The  results  of  these  tests  were,  in  the  forty  satisfactory 
cases  : — 

Good,  32-5  per  cent.  Intermediate,  62*5  per  cent.  Bad, 
5  per  cent. 

In  the  sixty  unsatisfactory  cases  the  results  were  : — 

Good,  18-3  per  cent.  Intermediate,  31-6  per  cent.  Bad, 
50  per  cent. 

A  slight  rise  of  temperature  after  exercise  is  not  uncommon, 
but  it  should  fall  to  normal  in  ten  minutes.  Temperature  is 
the  most  important  guide  to  the  patient’s  capacity  for 
exercise,  but  other  signs,  such  as  loss  of  weight,  increase  of 
symptoms,  greater  sedimentation  rate  or  falling  off  of  vital 
capacity,  would  suggest  that  a  readjustment  of  treatment 
should  be  considered  and  usually  indicate  that  more  rest  is 
required. 

Diet. — The  principles  of  diet  have  already  been  discussed. 
Dr.  Wingfield  (2)  is  of  opinion  that  the  normal  weight  in 
health  for  an  individual  need  not  be  exceeded  and  that  all 
attempts  at  stuffing  or  overfattening  should  be  avoided. 
None  the  less,  food  is  an  important  part  of  treatment,  and 
one  of  the  functions  of  sanatorium  treatment  is  to  educate 
the  patients  to  take  regular  and  sufficient,  though  not  exces¬ 
sive,  food.  lo  assist  digestion  the  teeth  should  always  be 
examined  and  treated  if  necessary. 

Milk  is  often  regarded  as  essential ;  an  average  of  lj  pints 
per  patient  daily,  1  pint  being  taken  with  porridge  for  break¬ 
fast,  It  pint  at  the  midday  meal  and  ^  pint  in  the  evening 
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may  be  taken  as  a  typical  sanatorium  allowance.  In  addi¬ 
tion,  milk  is  generously  employed  for  puddings,  custards,  etc. 

At  Frimley  less  milk  is  given,  and  patients  are  kept  as  far 
as  possible  on  a  diet  which  they  can  afford  to  continue  when 
they  have  returned  home.  Extra  milk  or  other  diet  is  of 
course  ordered  in  special  cases  when  required,  but  a  patient 
who  can  keep  fit  only  under  a  diet  and  mode  of  living  which 
he  cannot  afford  at  home  will  tend  to  breakdown  on  leaving 
the  sanatorium.  Frimley  is  essentially  a  working-class  sana¬ 
torium,  and  its  chief  object  is  to  restore  to  the  patient  as 
much  capacity  for  work  as  possible  under  conditions  which 
he  can  maintain  at  home. 

Cod-liver  oil  was  often  given  as  routine  treatment,  and  it 
is  undoubtedly  a  very  good  food  and  useful  tonic,  but  it  is 
not  necessary  in  the  majority  of  cases  and  it  is  best  not  to 
make  a  patient  dependent  on  it.  When  a  patient  has  lost 
much  weight  and  wants  special  aid  to  regain  it,  or  when  the 
digestion  is  bad  or  some  other  reason  is  present,  extra  milk, 
cod-liver  oil,  alcohol  or  tonics  may  be  helpful,  or  even  essen¬ 
tial,  but  one  should  never  forget  that  the  best  cases  are  those 
who  can  do  without  such  extras. 

Fresh  Air. — Sanatorium  treatment  has  developed  out  of 
the  open-air  theory  of  treatment,  and  fresh  air  is  undoubtedly 
a  very  important  factor  in  sanatorium  life.  I  must  repeat, 
however,  that  the  object  of  an  open-air  life  is  to  tone  up  the 
body  and  improve  the  general  health  and  not  to  treat  tuber¬ 
culosis.  In  most  cases  it  is  easy  to  acquire  the  fresh  air 
habit,  and  it  has  several  advantages,  the  chief  of  which  are  a 
lessened  liability  to  catch  cold  and  an  improved  standard  of 
general  health.  People  who  work  in  the  open  air  but  spend 
their  evenings  or  leisure  hours  in  stuffy  atmospheres  are 
often  robust  as  a  result  of  their  work,  but  the  changes  from 
hot  to  cold  temperatures  are  harmful,  and  bronchitis,  pneu¬ 
monia  and  colds  are  not  uncommon  amongst  them.  How¬ 
ever,  the  comfort  of  warm  rooms  is  such  that  most  people 
are  prepared  to  risk  the  various  catarrhal  conditions  and 
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prefer  a  few  colds  to  living  a  fresh  air  life.  For  the  consump¬ 
tive,  however,  the  risk  is  much  greater.  A  little  bronchitis  or 
even  a  bad  cold  in  the  head  so  frequently  leads  to  renewed 
activity  in  the  tuberculous  lesion  that  it  is  essential  for  the 
patient  to  take  all  precautions  against  such  catarrhal  con¬ 
ditions.  The  patients  and  staff  in  a  sanatorium,  very  rarely 
catch  cold,  and  after  a  time  one  does  not  feel  the  cold.  I  have 
frequently  heard  a  visitor  to  a  sanatorium  complain  of  cold  ; 
a  common  saying  is,  “  I  like  fresh  air,  but  cannot  stand 
draughts,  they  always  give  me  a  cold.”  Perhaps  they  do, 
but  as  it  is  impossible  to  enjoy  life  without  meeting  an  occa¬ 
sional  draught,  why  not  get  used  to  them  ?  Of  course  there 
are  degrees  of  cold,  and  it  is  quite  wrong  to  expose  con¬ 
sumptives  or  any  one  to  all  weathers  ;  but  overdressing, 
overheated  rooms  and  screening  off  the  slightest  current 
of  air  do  tend  to  make  an  individual  soft  and  liable  to 
catarrh. 

It  may  be  said  that  work  in  the  open  air  is  good  for  the 
general  health  and  that,  apart  from  this,  a  fresh  air  life  (by 
which  I  mean  open  windows  and  the  avoidance  of  stuffy 
atmospheres)  is  the  best  way  to  keep  free  from  cold  and 
other  catarrhal  conditions.  With  regard  to  open-air  work, 
however,  it  should  be  remembered  that  most  outdoor  jobs 
mean  manual  labour  and  only  a  few  consumptives  can  stand 
this.  A  delicate  city  clerk  who,  after  leaving  the  sanatorium, 
gave  up  his  office  work  and  got  employment  on  a  farm  would 
almost  certainly  break  down  with  active  tuberculosis,  whereas 
if  he  returned  to  his  office  the  disease  might  remain  arrested 
permanently.  If  one  bears  in  mind  that  there  are  people 
who  are  not  physically  fit  for  outdoor  work,  one  will  avoid 
the  mistake  of  advising  it  for  all  consumptives,  regardless  of 
their  condition,  but  simply  because  they  are  tuberculous. 
With  regard  to  a  fresh  air  life,  one  should  also  remember  that 
there  are  people  who  cannot  stand  it.  The  average  young 
patient  will  quickly  get  acclimatised  to  open  windows  and 
draughts  and  will  be  all  the  better  for  it.  Elderly  patients, 
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those  who  are  very  thin  or  delicate  or  have  bad  circulations, 
usually  have  to  be  protected  from  cold.  It  is  a  big  mistake 
to  expose  such  people  to  cold  whatever  the  state  of  their 
tuberculosis  may  be,  for  they  will  do  much  better  in  warm 
rooms  or  in  a  warm  climate. 

Recreation. — It  is  very  important  to  provide  as  much 
recreation  as  possible,  but  outdoor  games  are  more  respon¬ 
sible  for  relapses  than  any  other  cause.  All  energetic  games, 
such  as  hockey,  tennis,  football,  cricket,  must  be  forbidden, 
and  even  golf  is  too  much  for  most  patients.  Clock  golf, 
putting,  croquet,  etc.,  may  be  allowed  for  many  patients,  and 
such  games  may  be  used  in  treatment  in  place  of  gardening 
or  other  forms  of  graduated  labour.  With  regard  to  indoor 
games,  each  patient  should  be  watched  and  should  not  be 
allowed  to  play  a  game  which  unduly  excites  him.  Chess, 
played  in  the  evening,  may  lead  to  a  sleepless  night,  and  I 
have  known  a  patient’s  pulse  go  from  76  to  140  at  an  exciting 
moment  in  a  game.  In  the  same  way  many  patients  get 
excited  at  cards,  especially  if  they  are  playing  for  more 
money  than  they  are  prepared  to  lose.  If  the  patients  are 
watched  it  is  easy  to  detect  any  harm  that  may  follow  a 
particular  game,  but  as  far  as  possible  the  patients  should  be 
allowed  to  chose  their  own  recreations,  and  all  harmless 
amusements  should  be  encouraged. 

Routine. — A  regular  life  is  an  essential  part  of  the  treat¬ 
ment,  and  the  following  may  be  taken  as  a  typical  routine  : — - 

8.30. — Breakfast. 

9.30 — 12. — Rest,  exercise  or  recreation  according  to 
medical  orders. 

12 — 1. — Rest  in  recumbent  position  on  balcony. 

1.15.  — Luncheon. 

2 — 4. — Rest  in  recumbent  position  on  balcony. 

4.15. — Tea. 

5 —  6. — Recreation. 

6 —  7. — Rest  in  recumbent  position. 

7.15.  — Dinner. 
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8 — 9.30. — Recreation. 

9.30. — Bed. 

This  routine  must,  of  course,  be  varied  according  to  the 
seasons  or  the  condition  of  the  patient.  For  example,  some 
will  require  more  rest  and  others  will  be  able  to  dispense 
with  one  or  more  of  the  rest-hours  and  go  for  walks  or  play 
games.  Smoking  should  be  allowed,  for  although  like  every¬ 
thing  else,  it  is  harmful  in  excess,  it  is  a  great  comfort  to  many 
people,  and  to  deprive  them  of  it  only  adds  to  their  unhappi¬ 
ness  and  leads  to  discontent.  In  some  cases  it  brings  on 
cough  and  sputum,  and  it  will  often  be  found  that  sputum 
disappears  when  a  patient  gives  up  smoking.  In  such  cases 
it  should  be  stopped,  but  in  the  great  majority  of  cases  it 
will  be  found  beneficial  rather  than  harmful. 

Sometimes,  especially  after  prolonged  sanatorium  treat¬ 
ment,  a  patient  becomes  hypochondriacal  and  can  think  or 
talk  of  little  else  but  his  temperature  and  symptoms.  This 
is  not  unnatural  in  such  a  chronic  disease,  but  the  physician 
must  look  out  for  the  first  signs  of  such  a  condition,  as  it  is 
apt  to  leave  the  patient  a  mental  wreck  long  after  the  tuber¬ 
culosis  is  arrested.  A  change  of  environment  or  a  holiday 
away  from  the  sanatorium  for  a  few  weeks  is  often  enough 
to  restore  the  patient’s  balance,  but  if  he  is  well  enough  to 
work  this  should  be  advised  as  soon  as  he  shows  the  slightest 
sign  of  becoming  hypochondriacal.  Indeed,  it  is  lack  of 
occupation  more  than  anything  that  causes  such  a  condition. 
More  consumptives  relapse  from  play  than  from  work,  and 
one  can  frequently  see  a  great  improvement  in  a  patient  as 
soon  as  he  gets  settled  in  some  suitable  employment. 

It  is  sometimes  found  that  a  patient  who  keeps  perfectly 
well  and  can  do  a  full  day’s  work  in  a  sanatorium  relapses  as 
soon  as  he  leaves  and  returns  to  his  previous  life  and  occupa¬ 
tion.  Such  patients  do  very  well  if  they  can  obtain  work  in 
the  institution,  and  in  every  sanatorium  are  to  be  found 
ex-patients  keeping  fit  and  doing  hard  work  as  doctors, 
nurses,  clerks,  porters,  etc.  Unfortunately  there  are  not 
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enough  sanatorium  jobs  for  all  these  patients,  who  form  a 
big  group,  and  it  is  for  this  group  that  an  after-care  colony 
is  especially  useful.  Papworth  Village  Settlement  was 
started  chiefly  for  this  type  of  patient,  although  there  is  a 
hospital  side  in  the  settlement  and  all  stages  of  pulmonary 
tuberculosis  are  treated.  It  is  a  growing  village,  and  the 
sales  from  the  industries,  which  were  under  £4,000  in  1919, 
exceeded  £50,000  in  1927.  The  industries  include  leather- 
work,  trunk-making,  bookbinding,  upholstering,  furniture 
work,  etc.,  and  although  the  life  is  not  suitable  for  all  classes 
it  undoubtedly  fills  a  want  and  enables  a  number  of  patients 
to  keep  their  health  and,  at  the  same  time,  to  earn  a  modest 
living.  After  twelve  years’  experience  not  one  of  the  children 
brought  up  in  the  settlement  has  developed  any  form  of 
clinical  tuberculosis. 
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CHAPTER  X 


TREATMENT — Contd. 

Climate  and  Light 

Climate. — A  great  deal  of  harm  has  been  done  by  the 
failure  to  appreciate  that  the  best  climate  for  a  patient 
varies  according  to  the  individual  and  to  the  stage  and  degree 
of  his  disease.  A  patient  will  often  have  a  fixed  belief  that 
if  he  goes  to  a  certain  place  he  will  be  cured.  One  will  want 
South  Africa,  another  New  Zealand,  another  Switzerland. 
One  patient  said  to  me,  44  They  have  found  T.B.  in  my  sputum, 
and  surely  that  spells  Switzerland  for  those  who  can  afford 
it ;  all  I  want  to  know  is,  what  part  of  Switzerland  is  best  ?  ” 
The  truth  is  there  is  no  place  that  is  good  for  every  con¬ 
sumptive,  and  how  a  patient  lives  is  far  more  important  than 
where  he  lives.  Paterson  (1)  wrote  :  “  Climate,  provided  it  is 
not  actually  unsuitable,  has  little  if  anything  to  do  with 
treatment.” 

Dr.  J.  A.  Miller  (2),  discussing  climate  in  the  treatment  of 
pulmonary  tuberculosis,  points  out  that  there  is  no  univer¬ 
sally  ideal  climate.  Selection  of  a  suitable  locality,  he  says,  is 
4 4  an  individual  problem  for  every  patient,  depending  upon 
his  temperament,  tastes  and  individual  reaction  to  environ¬ 
ment  as  well  as  the  character  of  his  disease.”  He  also  says 
that  contentment  and  reasonable  comfort  are  essential,  and 
that  the  patient  must  be  able  to  afford  to  stay  a  sufficient 
time  and  have  the  necessary  medical  supervision. 

A  change  of  environment  has  for  centuries  been  considered 
beneficial.  Celsus  (25  b.c.)  wrote  (the  patient  must) : 44  Change 
his  climate,  taking  care  to  remove  to  a  grosser  one  than  that 
he  leaves,  and  therefore  from  Italy  to  Alexandria  is  a  very 
agreeable  change.” 
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Roughly  it  may  be  said  that  acute  cases  are  better  at  home 
in  some  institution  where  they  can  be  under  medical  super¬ 
vision,  and  any  complication  or  development  in  the  disease 
can  have  the  appropriate  treatment.  There  should  be  good 
ventilation  with  an  abundance  of  fresh  air,  but  it  is  not  neces¬ 
sary  for  the  patient  to  be  uncomfortably  cold,  and  some 
patients,  especially  those  who  are  thin  or  have  poor  circu¬ 
lation,  may  suffer  from  too  much  exposure  to  fresh  air. 
In  this  acute  stage  it  is  usually  a  mistake  to  send  the 
patient  abroad,  and  he  should  certainly  not  be  sent  to  a  high 
altitude.  Dr.  Miller  (2)  says  :  “  Any  change  of  climate 

involving  the  fatigue  of  travel  is  contra-indicated  in  acute 
cases  with  fever  or  haemorrhage,  or  in  the  very  far  advanced 
and  markedly  debilitated  cases.” 

During  the  subacute  stage  there  is  an  advantage  in  sending 
the  patient  to  a  healthy  place,  and,  as  has  already  been  said, 
a  sanatorium  is  indicated  at  this  stage.  I  think  it  is  best  not 
to  send  these  patients  abroad.  The  choice  of  an  English 
sanatorium  should  depend  on  the  patient,  and,  on  general 
principles,  a  robust  type  of  patient  usually  does  best  in  a 
bracing  climate,  whereas  a  delicate  one  may  get  on  better 
in  some  warmer  place  in  the  South  or  West  of  England.  If 
a  patient  finds  that  a  certain  locality  does  not  suit  him  he 
should  be  moved. 

In  the  chronic  or  after-care  stage  the  choice  of  climate  is 
usually  a  matter  of  the  patient’s  financial  position.  Many  who 
have  to  work  get  on  quite  well,  even  in  the  big  cities,  and  one 
must  remember  that  there  are  certain  advantages  in  living  in  a 
city.  Light  work  in  the  country — for  example  secretary  to  a 
golf  club  in  a  health  resort — is  ideal ;  but  such  jobs  are  difficult 
to  find,  and  country  work  usually  entails  hard  manual  labour, 
which,  above  all,  is  bad  for  this  type  of  patient.  A  city  clerk 
who  is  used  to  a  regular  sedentary  life  is  far  less  likely  to 
break  down  in  a  city  office  than  if  he  went  to  work  on  a 
farm  in  the  country,  though  if  he  had  the  offer  of  transfer  to 
some  branch  office  in  the  country  he  would  be  wise  to  accept. 
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For  those  who  do  no  work  I  should  advise  gravel  soil 
in  a  place  protected  as  far  as  possible  from  rain-bearing 
winds.  The  exact  place  must  depend  on  the  patient  individu¬ 
ally,  and  I  always  advise  him  to  stay  there  for  a  few  months 
to  see  if  it  suits  him  before  taking  a  house. 

Many  patients  like  to  leave  home  for  the  winter,  and,  in 
England,  Falmouth  or  Torquay  are  suitable  for  those  with 
extensive  fibrosis,  or  whose  condition  is  complicated  with 
bronchitis.  For  the  robust  patient  who  can  take  plenty  of 
walking  exercise  St.  Leonards  or  the  East  Coast  is  more 
suitable,  and  for  the  intermediate  type  of  case  Bournemouth 
or  the  Isle  of  Wight  are  to  be  preferred. 

Foreign  resorts  are  more  helpful  in  this  than  in  any  other 
stage  of  the  disease. 

Switzerland. — The  climate  of  the  Swiss  Alps  is  most 
suitable  for  those  who  have  just  finished  the  subacute  or 
sanatorium  stage.  Provided  a  patient  is  well  enough  to  take 
regular  walking  exercise  and  is  moderately  robust,  he  may 
derive  great  benefit  from  spending  a  winter  in  the  Alps. 
The  choice  of  a  Swiss  resort  or  sanatorium  is  a  matter  of 
great  importance,  as  they  vary  enormously  in  efficiency  and 
routine,  so  that  a  patient  should  never  be  sent  to  one  unless 
it  is  known  to  be  satisfactory.  The  best  months  for  these 
resorts  are  November  to  April,  and  it  is  a  mistake  for  a 
patient  to  return  to  England  before  the  winter  is  over. 
One  knows  the  great  benefit  which  people  derive  from  a 
winter  holiday  in  the  Alps,  and,  of  course,  the  consumptive 
gets  the  same  benefit,  provided  he  is  strong  enough  to  take 
advantage  of  the  facilities  offered.  Many  patients  spend  the 
summer  also  in  the  Alps,  but  this  has  not  the  same  advantage 
as  the  winter,  when  the  climate  is  certainly  fascinating  and 
ideal  for  the  right  type  of  case. 

Sir  J.  Kingston  Fowler  (3)  writes  :  “  As  a  rule,  the  patients 
who  obtain  most  benefit  from  the  change  ( i.e .,  to  the  Swiss 
Alps)  are  young  subjects  who  are  fond  of  outdoor  exercises, 
such  as  skating,  and  are  strong  enough  to  take  part  in  them, 
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who,  whilst  in  the  mountains,  spend  the  greater  part  of  the 
day  in  the  open  air,  and  who  are  determined  to  do  all  in 
their  power  to  regain  their  health.”  He  gives  the  following 
contra-indications  : — 

“1.  The  presence  of  certain  complications,  such  as 
albuminuria,  advanced  disease  of  the  larynx,  valvular 
disease  of  the  heart  and  extensive  emphysema. 

44  2.  Extreme  emaciation. 

44  3.  An  irritable  state  of  the  nervous  system  with  con¬ 
stantly  quickened  pulse  and  a  liability  to  feverish  attacks. 

44  4.  A  decided  inability  to  bear  cold. 

44  5.  To  these  must  necessarily  be  added  those  conditions 
which,  as  already  stated,  render  a  case  unsuitable  for  climatic 
treatment  abroad.” 

In  this  last  group  he  would  include  patients  with  advanced 
disease,  who,  he  says,  should  44  only  be  allowed  to  travel  to 
places  at  a  moderate  distance.” 

There  is  undoubtedly  more  temptation  in  the  average 
foreign  institution  than  in  an  English  one,  and,  although 
a  patient  can  obey  rules  and  live  a  suitable  life,  it  is  easy 
for  him  to  live  unwisely.  The  disease  is  a  very  long  and 
irksome  one,  and  a  number  of  young  patients  living 
together  are  apt  to  get  into  bad  habits,  especially  if,  as 
so  often  happens,  they  feel  well  in  themselves,  and 
believe  that  because  they  are  in  Switzerland  and  44  taking 
the  cure,”  no  other  treatment  or  precaution  is  necessary. 
For  this  reason  it  is  important  to  choose  the  institution 
from  personal  knowledge,  and  also  to  consider  the  tempera¬ 
ment  and  character  of  the  patient.  Another  danger  is 
that  a  patient  may  get  a  habit,  so  that  he  cannot,  or  thinks 
he  cannot,  winter  anywhere  except  in  Switzerland.  This 
does  not  matter  for  a  few  well-to-do  patients,  but  for  the 
majority  it  is  impossible.  In  general  terms  one  may  say 
that : — 

1.  Acute  or  advanced  cases  usually  are  harmed  by  treat¬ 
ment  in  high  altitudes. 
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2.  Subacute  or  sanatorium  stage  cases  get  no  special 
advantage,  but  may  do  well. 

3.  Chronic  cases  whose  disease  is  nearly  arrested  may  get 
enormous  benefit  from  a  winter  in  Switzerland.  It  is  an 
excellent  method  of  putting  the  finishing  touches  to  a  cure. 

French  and  Italian  Riviera.— Patients  with  chronic  pul¬ 
monary  tuberculosis  do  not,  as  a  rule,  find  the  Riviera 
suitable.  There  are  undoubtedly  many  days  of  bright  warm 
sunshine,  when  the  patient  can  spend  most  of  the  day  out 
of  doors,  but  it  becomes  very  chilly  when  the  sun  goes  down, 
and  catarrhal  conditions  are  common.  If  a  patient  has  a 
villa  where  he  can  have  home  comforts  he  may  do  very  well 
through  the  winter  on  the  Riviera,  but  in  the  majority  of 

cases  it  is  better  to  recommend  some  other  place  for  the 
winter. 

Egypt  and  the  North  Coast  of  Africa. — Here  the  atmosphere 
is  diy  and  puie,  and  there  is  an  abundance  of  sunshine.  Some 
places,  however,  are  dusty,  and  there  is  a  great  difference 
between  the  day  and  night  temperature.  There  are  many 
places  on  the  North  Coast  of  Africa  which  are  much  prefer¬ 
able  to  those  on  the  other  side  of  the  Mediterranean,  but  the 
physician  would  be  well  advised  to  recommend  only  those 
places  that  he  knows  from  personal  experience. 

Canary  Islands.  In  these  islands  the  climate  is  as  nearly 
perfect  as  possible  for  many  cases,  and  the  only  disadvantages 
are  that  to  get  to  them  necessitates  a  sea  voyage,  and  life 
there  is  somewhat  dull.  This  latter  reason  may  not  always 
be  a  disadvantage. 

Dr.  Lucas  (4)  has  written  an  interesting  description  of  the 
islands,  and  he  gives  the  table  on  the  following  page,  show¬ 
ing  the  meteorological  records  from  Las  Palmas  (Grand 
Canary)  during  the  months  of  October  to  May. 

It  will  be  seen  how  very  equable  is  the  climate.  The 
vaiiations  between  the  day  and  night  temperature  is  never 
more  than  10°.  At  Orotava  (Teneriffe)  the  rainfall  is 
slightly  higher  and  the  sunshine  less  than  at  Las  Palmas, 
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Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

March. 

April. 

May. 

Mean  shade 

temperature 

71-4 

67-6 

64-7 

62-3 

63-9 

630 

64-6 

66-5 

Surface  sea 

temperature 

72-4 

70-1 

67-5 

65-9 

65-1 

65-4 

65-9 

67-3 

Amount  of  rain 
in  inches 

1-06 

1-75 

1-57 

1-68 

0-57 

0-79 

0-40 

0-55 

Sunshine  in 

hours  . 

189 

165 

161 

168 

183 

189 

190 

218 

Meteorological  records,  Las  Palmas,  Grand  Canary. 


and  this  is  said  to  be  due  to  the  elaborate  system  of  irrigation 
in  connection  with  the  banana  industry,  which  requires  a 
generous  supply.  At  Las  Palmas  is  a  British  hospital  with 
private  rooms  available  for  visitors,  and  staffed  by  English 
nurses.  There  is  also  a  good  social  club,  a  lawn  tennis  club 
and  an  eighteen-hole  golf  course. 

Distant  Health  Resorts.— There  are  many  excellent  places 
in  Australia,  New  Zealand,  S.  Africa,  America,  etc.,  but  none 
of  them  present  any  special  advantages  which  cannot  be 
obtained  nearer  home.  I  cannot  discuss  them  in  this  book, 
but  may  mention  that  most  of  them  have  bad  as  well  as  good 
seasons.  Some  of  the  country  round  Bloemfontein,  for 
example,  is  ideal  during  certain  months,  but  during  others  is 
either  a  desert  of  dust  or  a  bed  of  mud.  To  visit  such  places 
during  the  proper  season  may  be  good,  but  to  take  a  farm  and 
settle  down  is  usually  unwise.  Again,  many  distant  places 
that  sound  attractive  are  suitable  only  for  those  who  can  do 
hard  manual  work,  and  are  quite  impossible  for  the  tuber¬ 
culous  patient  who  has  to  earn  his  living. 

Sea  Voyages. — For  a  patient  in  fair  general  health  who 
wishes  to  avoid  the  English  winter  a  sea  voyage  around  S. 
America,  S.  Africa,  Australia,  or  some  such  trip  south,  may 
be  a  very  healthy  way  of  spending  the  winter.  The  good 
food,  the  rest,  and  the  opportunity  for  fresh  air  and  sunshine 
are  all  satisfactory. 

In  the  treatment  of  active  tuberculosis,  however,  a  sea 
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voyage  is  almost  always  a  mistake,  and  more  likely  to  do 
harm  than  good,  quite  apart  from  the  fact  that  the  patient 
may  not  be  allowed  on  the  ship  or  to  land  at  certain  ports  of 
call. 

Before  advising  a  patient  to  go  abroad,  it  is  important  to 
find  out  the  laws  as  to  the  reception  of  consumptives  in  that 
particular  country,  or  he  may  be  refused  permission  to  land. 
As  these  rules  vary  from  time  to  time,  inquiry  should  be  made 
through  the  Colonial  or  Foreign  Office  in  each  case. 

Although  people  who,  through  illness  or  age,  are  liable  to 
become  a  public  charge  on  the  country  are  refused  admission, 
they  are  often  accepted  if  they  have  private  means  or  can 
show  that  friends  or  relatives  will  support  them.  In  most 
cases  provided  the  patient  can  support  himself,  he  will  be 
allowed  to  have  treatment  or  reside,  but  he  should  be  warned 
of  the  possibility  of  being  sent  home,  and  careful  inquiries 
should  be  made  as  to  the  laws  and  customs  of  the  country 
he  wishes  to  visit. 

In  Jamaica  consumptives  are  allowed  to  enter  only  if  they 
are  visiting  the  Island  for  the  purpose  of  treatment  and  have 
the  means  to  maintain  themselves.  In  Northern  and 
Southern  Rhodesia  a  permit  may  be  obtained  by  a  tuber¬ 
culous  patient.  In  some  colonies  and  countries  the  laws 
prohibit  the  landing  of  persons  suffering  from  “  loathsome, 
contagious,  communicable  or  dangerous  diseases,”  and  in 
others  permission  to  land  is  refused  if  the  Medical  Officer  of 
Health  certifies  that  for  medical  reasons  permission  should 
not  be  granted. 

In  conclusion  it  may  be  said  that  climate  is  of  secondary 
importance  in  the  great  majority  of  cases  of  pulmonary 
tuberculosis.  People  get  accustomed  to  their  own  home 
conditions,  and  it  is  usually  a  mistake  to  send  them  for  long 
periods  to  a  totally  different  climate  if,  after  treatment,  they 
have  to  live  at  home  again. 

The  ideal  spot  for  a  consumptive  to  live  might  be  some 
country  district  where  there  are  no  extremes  of  heat  or  cold 
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in  summer  and  winter,  where  there  is  protection  from  rain¬ 
bearing  winds  and  the  house  is  on  gravel  soil.  But  even 
under  such  conditions  it  is  doubtful  whether  the  patient 
would  have  a  longer  expectation  of  life  than  one  who  chose 
his  home  to  suit  his  own  happiness  and  his  business  and 
social  convenience. 

For  the  consumptive  the  important  question  is,  “  How 
shall  I  live  ?  ”  not  “  Where  shall  I  live  ? 
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Phototherapy. — Dr.  Crocket  (1),  discussing  ultra-violet  ray 
treatment  in  tuberculosis,  says  that  rays  with  therapeutic 
properties  may  be  divided  into  four  classes,  all  electro¬ 
magnetic  and  differing  only  in  the  length  of  wave  : — 

1.  Those  from  radio-active  substances,  such  as  radium. 
Here  the  rays  are  only  from  0-15  to  0-015  Angstrom  units. 
There  are  three  kinds,  called  alpha,  beta  and  gamma.  The 
alpha  rays  do  not  penetrate,  the  beta  have  slight,  and  the 
gamma  considerable  penetrating  power. 

2.  Rontgen  rays  range  from  0-15  to  12  Angstrom  units, 
and  have  many  gamma  rays  with  great  penetration. 

3.  The  so-called  ultra-violet  rays  measure  from  2,100  to 
3,800  units.  They  lie  between  the  luminous  spectrum  and 
the  area  of  Schumann  and  Lyman.  Strictly  speaking,  of 
course,  all  rays  beyond  the  violet  in  the  visible  spectrum  are 
ultra-violet,  which  therefore  include  X-rays  and  radium. 

4.  Rays  of  the  visible  spectrum.  These  are  from  3,800  to 
7,600  units.  The  violet  end  of  the  spectrum  has  considerable 
chemical  but  little  heating  action,  and  the  red  end  has  great 
heating  but  no  chemical  powers. 

The  sun  has  ultra-violet  rays,  but  none  shorter  than  2,900 
Angstrom  units,  as  the  shorter  ones  are  filtered  out  by  the 
smoke  and  moisture  in  the  atmosphere.  The  purer  the  air, 
therefore,  the  more  ultra-violet  rays  are  present,  so  that  the 
pure  rarefied  air  of  a  mountain  may  contain  twice  the  amount 
of  ultra-violet  rays  as  the  atmosphere  of  a  valley.  The  short 
rays  do  not  penetrate  as  much  as  the  longer  ones,  but  they 
are  more  irritating  and  bactericidal  and  are  filtered  out 
before  the  longer  rays.  Water  and  snow  reflect  the  rays, 
and  increase  their  power  considerably,  and  for  this  reason 
people  get  “  sunburnt  ”  so  readily  at  the  seaside.  It  is  not 
the  warmth  of  the  sun,  but  the  chemical  action  of  the  violet 
rays  which  produces  sunburn.  The  pigment  protects  against 
the  ultra-violet  rays,  so  that  when  well  sunburnt  one  can 
stand  much  exposure  to  the  sun  without  reaction. 

The  effect  of  the  rays  is  also  increased  by  the  movement 
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of  the  air,  and  hence  they  are  not  so  effective  if  given 
artificially  in  a  room  where  the  air  is  still  and  warm.  Pro¬ 
fessor  Leonard  Hill  (2)  emphasises  the  importance  of  cool 
air  passing  over  the  skin  if  it  is  desired  to  get  any  therapeutic 
effect  from  sunlight  or  artificial  rays.  With  actual  sunlight 
there  are  other  rays  which  assist  the  therapeutic  action  of 
the  ultra-violet  ones. 

Dr.  Crocket  (1)  describes  the  following  direct  effects  of 
ultra-violet  therapy  : — 

1.  Vasodilatation  and  oedema  of  the  soft  tissues  exposed 
to  the  light.  He  points  out  that  this  relieves  congestion  in 
internal  organs,  and  no  doubt  accounts  for  the  improvement 
in  the  condition  of  the  skin  and  the  growth  of  hair  and  nails, 
which  are  so  often  noted  in  those  exposed  to  ultra-violet  rays. 

2.  Sterilisation  of  superficial  tissues.  The  short  ultra¬ 
violet  rays  are  strongly  bactericidal,  and  as  these  are  filtered 
out  by  impurities  in  the  atmosphere  before  the  long  ones, 
the  rays  of  the  sun  have  much  more  bactericidal  effect  at 
high  altitudes  than  at  low  ones,  especially  low  altitudes 
where  there  are  much  smoke,  moisture  and  other  impurities 
in  the  air. 

3.  Relief  of  pain  and  discomfort.  This  is  especially  noted 
if  there  is  an  excess  of  the  short,  and  therefore  more  irritating, 
rays,  and  consequently  for  this  purpose  also  treatment  at  a 
high  altitude  will  be  more  effective  than  at  a  low  one. 

4.  Pigmentation.  He  describes  two  forms  of  skin  reaction, 
an  immediate  transitory  reddening  which  disappears  half 
an  hour  after  exposure,  and  an  erythema  which  appears 
from  six  to  ten  hours  after  exposure,  and  which  may  go  on 
to  severe  desquamation  and  blistering  if  the  exposure  has 
been  too  long.  This  “  sunburn  ”  is  produced  only  by  rays 
below  3,200  units.  He  says  that  although  this  pigmentation 
is  protective,  it  changes  a  white  reflecting  surface  into  a 
dark  light-absorbing  one,  and  therefore  favours  the  absorp¬ 
tion  of  rays. 

The  rays  also  have  an  indirect  effect,  and  are  said  to 
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affect  not  only  the  general  health,  but  also  to  cause  altera¬ 
tion  in  the  blood  chemistry. 

Dr.  Spence  (3)  made  an  investigation  of  twelve  adult 
tuberculous  patients  ;  of  these  eight  had  pulmonary  disease 
with  tubercle  bacilli  in  the  sputum.  Irradiation  was  given 
by  a  Hanan  mercury  vapour  lamp  of  40  units  power.  It 
was  found  that  the  blood  calcium  and  phosphate  were  not 
affected  by  the  light.  The  blood  cholesterol,  however,  was 
raised,  the  greatest  rise  being  seen  in  the  patients  who  showed 
the  greatest  improvement  clinically.  In  one  case  after  ten 
exposures  the  patient  had  a  febrile  reaction  and  vomited. 
His  blood  was  examined,  and  no  change  was  found  in  the 
calcium  or  phosphorus,  but  the  cholesterol  had  fallen  from 
160  to  140  mg.  per  100  c.cm.  of  serum,  and  the  irradiations 
were  discontinued. 

Dr.  Crocket  (1)  has  noted  a  definite  improvement  in  the 
general  health  and  mentality  of  the  patient,  and  also  a 
reduction  of  blood  pressure  when  this  was  high.  He  has 
seen  a  fall  of  as  much  as  20  mm.  Hg  in  the  systolic  pressure 
as  a  result  of  light  treatment. 

In  certain  cases  of  surgical  tuberculosis  treatment  by 
light  is  undoubtedly  of  great  value.  Much  depends,  of 
course,  on  the  way  it  is  given  and  on  the  experience  of  the 
doctor  in  charge,  but,  provided  it  is  properly  administered, 
one  will  frequently  see  rapid  improvement  of  certain  con¬ 
ditions  which  are  not  amenable  to  other  treatment,  for 
example,  tuberculous  ulceration  of  the  fauces. 

In  pulmonary  tuberculosis,  however,  the  value  of  light 
treatment  is  a  matter  of  doubt.  Some  deny  that  it  has  any 
value  at  all,  and  certainly  its  value,  if  any,  is  not  great.  It 
may,  moreover,  do  harm  if  carelessly  employed.  Many 
patients  with  tuberculosis  of  the  lungs  get  on  better  in 
winter  than  summer,  and  any  great  improvement  noted 
when  fine  weather  comes  is  more  likely  to  be  the  result  of 
removing  the  feeling  of  depression  which  so  often  goes  with 
gloomy  weather  than  to  any  effect  of  the  ultra-violet  rays. 
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Direct  exposure  to  sunlight  or  ultra-violet  rays  will,  if 
overdone,  produce  a  shock  reaction  in  cases  of  pulmonary 
tuberculosis,  and,  although  this  may  be  harmful,  it  may 
actually  be  beneficial,  and,  as  with  shock  from  other  causes 
(tuberculin,  serum,  vaccine,  etc.),  the  patient  s  condition 
and  temperature  may  rapidly  improve  after  recovering  from 
the  initial  reaction.  The  reaction  following  over-exposure 
to  sun  is  very  similar  to  that  produced  by  tuberculin. 

Dr.  Mathieu  (4)  devotes  a  chapter  to  the  effects  of  sun¬ 
light  on  pulmonary  cases.  He  quotes  the  opinions  of  doctois 
of  Leys  in  who  have  had  experience  of  the  treatment,  and 
also  the  views  given  at  the  conference  at  Leysin  in  1910. 
The  general  opinion  was  that  no  better  results  were  obtained 
by  light  therapy  than  by  the  ordinary  methods  of  tieatment, 
but  that  properly  employed  it  was  a  safe  procedure.  M. 
Malgat  obtained  good  results  at  Nice,  and  it  was  generally 
noted  that  the  general  well-being  of  the  patients  was  im¬ 
proved.  Dr.  Rollier  (5)  found  that  patients  having  pul¬ 
monary  tuberculosis  complicating  some  surgical  lesion  did 
better  than  those  with  uncomplicated  pulmonary  tubercu¬ 
losis.  He  saw  a  patient  with  recurrent  hemoptysis  who 
was  cured  by  sun  treatment  tried  as  a  last  resort.  Many 
physicians  consider  light  treatment  contra-indicated  in 
pulmonary  cases,  and  Mathieu  (4)  quotes  Dr.  Jaquerod,  of 
Leysin,  as  describing  the  case  of  a  patient  who  had  never 
had  hemoptysis  until  he  went  for  a  sun  cure  to  the  Medi¬ 
terranean  coast.  Dr.  Jaquerod  said  that  light  treatment 
did  not  appear  to  modify  the  results  obtained  by  ordinary 
means,  and  was  not  without  danger.  Dr.  De  Reynier,  at 
the  same  meeting,  said  that  although  he  had  never  seen  any 
improvement  in  the  local  condition  as  shown  by  ausculta¬ 
tion,  and  had  not  seen  diminution  of  sputum  or  loss  of 
tubercle  bacilli,  at  the  same  time  he  had  never  met  with 
hsemoptysis,  febrile  reaction  or  increase  of  symptoms,  and 
thought  further  trial  should  be  given  to  the  treatment. 

Dr.  Rurnand  referred  to  the  similarity  which  existed 
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between  the  reactions  following  over-exposure  to  the  sun 
and  those  resulting  from  tuberculin  injections.  He  admitted 
that  the  general  stimulant  and  tonic  effect  of  heliotherapy 
was  unquestionable,  but  thought  that  its  focal  effect  was 
less  certain.  Its  action  depends  largely  on  the  state  of  the 
lung,  and  m  cases  of  great  activity  Dr.  Burnand  considered 
it  unwise  to  start  a  form  of  treatment  capable  of  causing 
lapid  exaggeration  of  congestion  already  excessive. 

Di.  Crocket  (1)  gives  the  following  summary  of  his  results 
fiom  seventy-two  cases  of  pulmonary  tuberculosis  treated 
with  light  treatment : — 

1.  The  general  condition  and  the  mental  outlook  were 
improved  in  practically  every  case. 

2.  The  lung  lesions  showed  fewer  indications  of  activity. 

3.  The  cough  was  relieved  in  92  per  cent,  of  the  cases. 
The  sputum  was  much  reduced  or  ceased  in  54  per  cent,  of 
the  cases  and  in  20  per  cent,  was  unaffected. 

4.  Wheezing,  often  indicative  of  congestion,  is  frequently 
removed  by  light  treatment. 

5.  The  appetite  was  usually  improved.  Of  the  cases  with 
anorexia  or  dyspepsia  76  per  cent,  received  definite  benefit. 
It  is  not  advisable  to  give  light  treatment  for  one  hour 
before  meals,  as  patients  usually  complain  that  it  interferes 
with  their  ability  to  enjoy  their  food. 

6.  Weight  was  not  benefited  as  often  as  expected.  Thirty 
per  cent,  of  the  cases  did  not  increase  in  weight. 

7.  Sleep  was  often  greatly  improved,  though  in  nine  cases 
it  was  apparently  affected  unfavourably. 

He  says  that  of  these  seventy-two  cases  improvement 
occurred  in  85  per  cent.,  whereas,  apart  from  light  treat¬ 
ment,  67  per  cent,  of  the  patients  in  the  same  institution 
improved. 

Haemoptysis  occurred  in  four  cases  in  the  series,  but  Dr. 
Ciocket  thinks  that  it  would  have  occurred  apart  from  the 
treatment,  and  certainly  it  does  not  seem  unduly  frequent. 
In  ten  eases  which  had  been  running  an  intermittent  tempera- 
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ture  for  several  months,  this  subsided  during  the  treatment. 
He  gives  the  following  contra-indications  : — 

1.  Cases  of  progressive  disease. 

2.  Cases  in  which  destruction  of  tissue  is  marked  and 
progressive. 

3.  Cases  with  obvious  cachexia  and  amyloid  disease,  or 
other  toxic  manifestations. 

4.  Cases  of  sepsis  with  pyrexia. 

5.  Cases  of  hyperthyroidism. 

Dr.  Trail,  at  Midhurst,  found  that  the  sedimentation  rate 
improved  as  the  patient’s  condition  improved.  In  common 
with  other  observers,  he  found  a  reduction  in  the  sedimenta¬ 
tion  rate  following  such  treatment  as  artificial  pneumothorax 
or  sanocrysin  injections.  He  found  no  change  in  the  sedi¬ 
mentation  rate,  however,  resulting  from  light  therapy. 

Most  of  those  who  use  sun  or  artificial  light  treatment  try 
to  avoid  reactions.  When  a  reaction  does  occur,  its  result 
is  very  similar  to  that  following  tuberculin,  serum,  etc. 
Apart  from  the  effect  of  such  a  reaction  or  shock  it  may  be 
said  that  light  treatment  in  pulmonary  tuberculosis  probably 
has  no  direct  action  either  for  good  or  bad.  It  has,  however, 
two  indirect  effects  which  may  be  of  considerable  benefit  to 
the  patient : — 

1.  Light,  and  especially  a  bright  sunny  day,  has  a  stimu¬ 
lating  and  cheering  effect  on  every  one,  including  the  con¬ 
sumptive  patient. 

2.  The  mental  effect  of  feeling  something  definite  is  being 
done,  and  of  seeing  the  skin  gradually  becoming  pigmented, 
added  to  the  improved  appetite  and  feeling  of  well-being 
which  usually  goes  with  bright  weather  may  assist  the 
patient’s  recovery  to  a  very  great  extent. 

The  method  by  which  light  acts  is  not  clearly  understood. 
Some  think  that  the  action  is  specific,  and  it  produces  an 
auto-tuberculinisation.  This  view  is  supported  by  the 
undoubted  fact  that  an  over-exposure  to  the  sun  produces 
a  reaction  which  is  very  similar  to  that  following  the  use  of 
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tubei  culin,  but  one  must  not  forget  that  the  same  result 
can  be  obtained  by  the  intravenous  injection  of  T.A.B.  or 
other  non-specific  substances.  Rollier  suggests  that  the 
pigment  transforms  the  short-wave  rays  into  the  longer  and 
more  penetrating  ones. 

If  light  treatment  is  employed  in  pulmonary  tuberculosis 
the  actual  sun  is  better  than  artificial  light,  for  the  other 
rays  besides  the  ultra-violet  found  in  sunlight,  combined 
with  the  fresh  air,  play  a  large  part  in  the  effect.  For 
artificial  light  treatment  the  tungsten  arc  lamp,  or  the  quartz 
mercury  vapour,  are  best  for  ultra-violet  rays,  the  tungsten 
arc  being  especially  rich  in  short-wave  rays  ;  the  carbon  arc 
has,  in  addition  to  the  violet  rays,  a  large  proportion  from 
the  red  end  of  the  spectrum. 

In  order  to  avoid  reactions  it  is  best  to  start  with  a  short 
exposure  of  a  limb,  and  if  this  produces  no  reaction  the 
length  of  exposure  and  amount  of  the  body  exposed  is 
gradually  increased  day  by  day.  When  the  patient  is 
thoroughly  bronzed  it  is  possible  for  him  to  remain  exposed 
to  the  direct  rays  of  the  sun  for  hours  without  getting  a 
reaction. 
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TREATMENT — Contd. 

Artificial  Pneumothorax 

Many  methods  of  treatment  and  so-called  cures  of  pul¬ 
monary  tuberculosis  have  been  advocated,  but  very  few 
have  stood  the  test  of  time.  Artificial  pneumothorax  was 
suggested  on  theoretical  grounds  more  than  a  century  ago 
and  now  is  employed  all  over  the  civilised  world.  It  is 
generally  recognised  by  those  with  experience  of  tubercu¬ 
losis  that  the  basis  of  treatment  is  rest  of  the  diseased  part. 
The  spongy  consistency  and  continual  movement  of  the 
lung  make  it  easy  for  tuberculosis  to  spread,  and  it  is  not 
surprising  therefore  to  see  the  rapid  improvement  which  so 
often  follows  the  induction  of  a  pneumothorax. 

The  principle  of  the  treatment  is  to  produce  lymph  stasis 
and  to  rest  the  lung,  thus  preventing  spread  of  the  disease 
and  allowing  nature  to  effect  a  cure.  As  with  every  form  of 
treatment  there  are  enthusiasts  who  regard  pneumothorax 
as  the  whole  of  the  treatment,  advocate  it  on  any  and  every 
occasion,  and  think  no  other  treatment  necessary  ;  on  the 
other  hand  there  still  remain  a  few  die-hards  who  deny  that 
it  has  any  value  at  all.  If  one  appreciates  the  purpose 
of  the  treatment  it  is  possible  to  avoid  either  of  these 
extreme  views  and  to  find  in  artificial  pneumothorax  one 
of  the  most  valuable  and  effective  weapons  against  pul¬ 
monary  tuberculosis,  and  at  the  same  time  to  recognise  its 
limitations. 

Selection  of  Cases. — In  1922  I  gave  (4)  certain  indications 
and  contra-indications  for  artificial  pneumothorax  and  now, 
although  still  in  general  agreement  with  them,  I  advise  the 
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treatment  more  readily  and  am  less  inclined  to  consider 
certain  contra-indications. 

A.  In  all  unilateral  cases  of  pulmonary  tuberculosis 
pneumothorax  should  be  considered  if: — 

1.  There  are  constant  rales  to  be  heard  over  an  area 
corresponding  to  two  ribs  and  intercostal  spaces  or  more, 
with  T.B.  in  the  sputum  and  corroborating  X-ray  findings. 
In  such  a  case,  if  the  disease  was  of  long  standing,  and  the 
general  condition  or  working  capacity  of  the  patient  were 
good  ( i.e .,  a  chronic  fibroid  case  with  localised  lesion),  one 
might  consider  it  unnecessary  to  collapse  the  lung,  but  in  the 
majority  of  unilateral  cases  with  such  signs  this  treatment  is 
indicated. 

2.  The  disease  is  acute.  In  acute  disease  some  of  the 
signs  are  catarrhal,  and  clear  up  quickly  with  rest  in  bed, 
but  the  danger  of  spread  to  the  other  lung  is  so  great,  that 
in  any  acute  febrile  case  with  definite  signs  confined  to  one 
lung  it  is  safer  to  induce  a  pneumothorax.  Plate  I  shows 
the  X-ray  of  a  child  on  January  12th,  1925.  She  then  had 
harsh  breath  sounds  at  the  root  of  the  left  lung  and  a  high 
intermittent  temperature,  but  very  slight  cough  and  no 
tubercle  bacilli  were  found  on  examination  of  the  sputum. 
She  was  admitted  into  hospital  on  February  4th,  1925,  and 
Plate  II  shows  how  the  disease  had  spread.  At  this  time 
crepitations  were  heard  over  the  upper  part  of  the  left  lung, 
and  she  had  developed  purulent  sputum  containing  large 
numbers  of  tubercle  bacilli.  Her  temperature  was  swinging 
between  98°  F.  and  103°  F.,  but  fortunately  the  condition 
remained  unilateral.  The  lung  was  at  once  collapsed,  after 
which  the  spread  was  stopped  and  she  made  a  good  recovery. 
Now,  November,  1930,  she  is  alive  and  free  from  symptoms. 

3.  In  spite  of  rest  in  bed  the  activity  persists  or  improve¬ 
ment  is  not  satisfactory.  As  a  common  example  one  may 
quote  the  patient  whose  condition  does  not  become  stable 
and  the  slightest  exertion,  such  as  getting  up  for  two  hours, 
causes  a  rise  in  temperature  or  some  other  symptom. 


PLATE  XXII r 


Early  Acute  Tuberculosis  of  the  Left  Lung  on  January  12tii,  1925. 
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PLATE  XXIV 


The  same  Case  as  Plate  XXIII  taken  on  February  4th,  1925,  showing 
Extensive  Development  in  Three  Weeks. 
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4.  The  patient  has  to  earn  his  living  or  for  some  reason  is 
unable  to  undergo  prolonged  treatment.  There  is  no  doubt 
that  with  the  affected  lung  collapsed  a  patient  is  able  to  lead 
a  more  active  life  with  much  less  risk  of  a  breakdown  than 
one  not  so  treated. 

5.  There  is  repeated  or  severe  haemoptysis. 

6.  There  are  cavities  with  copious  sputum. 

7.  There  are  certain  complications,  such  as  tuberculous 
laryngitis.  If  there  is  actual  ulceration  of  the  intestine 
pneumothorax  is,  of  course,  useless,  but  in  many  cases  of 
diarrhoea  or  other  gastro-intestinal  symptoms  resulting 
from  toxaemia,  the  symptoms  may  be  completely  relieved 
when  the  diseased  lung  is  collapsed. 

B.  In  bilateral  cases  the  indications  for  inducing  artificial 
pneumothorax  are  affected  by  the  following  considerations : — 

1.  The  disease  is  being  treated  in  only  one  lung  by  uni¬ 
lateral  collapse  ;  if,  therefore,  there  is  any  active  disease  in 
the  other  lung  this  also  must  be  treated.  In  other  words,  the 
pneumothorax  is  affecting  only  part  of  the  tuberculous 
lesion  and  not  the  whole  as  in  a  unilateral  case. 

2.  If  one  lung  is  much  worse  than  the  other  collapse  may 
remove  so  much  of  the  toxaemia  and  cause  so  great  an  im¬ 
provement  in  the  patient’s  general  condition  that  the  disease 
in  the  better  lung  also  improves. 

3.  On  the  other  hand  collapse  of  one  lung  may  increase 
the  activity  in  the  other.  This  is  especially  the  case  when 
there  is  early  acute  bilateral  disease. 

From  this  it  follows  that  artificial  pneumothorax  may  be 
considered  under  the  same  condition  in  bilateral  as  in  uni¬ 
lateral  cases  of  pulmonary  tuberculosis  provided  one 
remembers  that — 

1.  Treatment  is  directed  on  only  part  of  the  diseased 
tissue  and  the  other  parts  also  require  treatment. 

2.  Collapse  of  one  lung  may  aggravate  the  disease  in  the 
other. 

In  coming  to  a  decision  as  to  the  wisdom  of  inducing 
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pneumothorax  in  a  bilateral  case  it  is  more  important  to 
consider  the  degree  of  activity  than  the  actual  amount  of 
disease,  as  determined  by  physical  signs,  in  the  better  lung. 

Bilateral  Artificial  Pneumothorax. — This  may  be  done  by 
two  methods. 

1.  Producing  partial  collapse  of  both  lungs  at  the  same 
time. 

2.  Collapsing  first  one  lung  and  after  allowing  it  to  re¬ 
expand,  collapsing  the  other. 

1.  There  is  a  large  amount  of  reserve  in  lung  tissue  so  that 
life  can  continue  even  after  the  greater  part  of  the  lung  is 
destroyed.  In  most  cases  of  bilateral  disease  there  are 
adhesions  which  prevent  the  lung  from  collapsing  sufficiently 
to  endanger  life,  and  it  is  remarkable  how  much  collapse  can 
be  obtained  in  both  lungs  without  any  apparent  ill-effect  on 
the  patient.  There  are,  however,  two  great  difficulties  in 
producing  successful  pneumothoraces  simultaneously  on 
both  sides.  The  first  is  that  one  cannot  obtain  complete 
collapse  on  both  sides  at  the  same  time,  and  it  is  in  cases  of 
complete  collapse  that  one  obtains  the  best  results.  The 
second  is  that  in  acute  cases,  when  there  is  considerable 
disease  in  both  lungs  bilateral  collapse  is  apt  to  produce  so 
much  dyspnoea  that  the  treatment  has  to  be  stopped, 
whereas  in  the  more  chronic  cases  with  adhesions  bilateral 
collapse  is  well  borne,  but  usually  unnecessary. 

The  type  of  case  where  the  most  striking  results  of  collapse 
therapy  are  seen  is  the  acute  case  with  high  fever  and  rapidly 
spreading  disease,  but  remaining  confined  to  one  lung.  This 
type  of  case  is  common  in  girls  of  about  fourteen  to  eighteen 
years,  and  to  a  somewhat  less  extent  in  boys  from  about 
seventeen  to  twenty-one.  Unfortunately,  these  cases  are 
almost  always  bilateral,  and  in  my  experience  simultaneous 
bilateral  pneumothorax  produces  increasing  dyspnoea  and 
has  to  be  stopped  before  the  treatment  has  had  any  effect  on 
the  spread  of  the  disease.  It  might  be  supposed  that  even 
a  partial  bilateral  pneumothorax  would  give  considerable 
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rest  to  both  lungs  and  so  tend  to  do  good,  but  in  practice  this 
is  not  the  case. 

In  more  chronic  bilateral  cases  a  simultaneous  collapse  of 
both  lungs  may  be  tried,  but  the  results  are  not  promising, 
probably  because  it  is  possible  to  produce  only  a  partial 
collapse.  In  unilateral  cases  the  results  of  those  where  an 
efficient  collapse  is  obtained,  and  those  where  the  collapse 
is  incomplete,  are  very  different,  and  it  is  not  surprising 
therefore  to  find  disappointing  results  in  bilateral  cases  where 
only  partial  pneumothorax  is  obtained.  When,  however, 
there  is  active  disease  in  both  lungs  and  the  disease  is  slowly 
spreading,  bilateral  collapse  may  check  the  rate  of  spread 
and  prolong  the  life  of  the  patient.  I  always  collapse  one 
lung  first  and  watch  the  effect  on  the  other,  which  I  should 
not  collapse  at  the  same  time  unless  it  showed  considerable 
activity  which  could  not  be  checked  by  other  means. 

Sometimes  it  happens  that  during  pneumothorax  treatment 
active  disease  appears  in  the  non-treated  lung  and  begins  to 
spread  rapidly.  In  such  a  case  it  is  often  necessary  to  collapse 
this  lung  without  waiting  for  the  other  to  re-expand. 

2.  I  have  obtained  better  results  by  collapsing  first  one 
lung  and  then  the  other,  and  where  possible,  I  prefer  this 
method  to  simultaneous  bilateral  collapse.  In  most  cases 
of  bilateral  disease  requiring  pneumothorax  the  best  that  can 
be  expected  is  to  stop  the  rate  of  spread  and  leave  the 
patient  with  chronic  fibroid  disease. 

Bilateral  collapse  has  been  practised  for  many  years,  and 
Forlanini  (5)  had  two  cases  which  he  published  in  1911. 

Burnand  (6)  induced  a  right  artificial  pneumothorax  in  a 
patient  in  June,  1915.  In  October,  the  patient  had  lost  the 
tubercle  bacilli  from  the  sputum  and  was  free  from  symptoms. 
In  April,  1918,  he  had  influenza  followed  by  haemoptysis  and 
pyrexia.  In  July  he  had  tuberculous  laryngitis  ;  signs  of 
active  disease  appeared  at  the  left  apex,  and  tubercle  bacilli 
were  present  in  the  sputum.  The  pneumothorax  treatment 
was  stopped  and  the  right  lung  re-expanded.  In  January, 
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1919,  a  left  artificial  pneumothorax  was  induced  carefully, 
a  negative  pressure  being  left  after  each  refill.  The  patient 
was  very  dyspnoeic,  but  was  able  to  get  up  and  walk  about 
quietly.  He  died  suddenly  in  May,  1919. 

Burnand’s  second  case  was  a  patient  for  whom  a  left 
artificial  pneumothorax  was  induced  in  January,  1918.  The 
patient  improved  at  once,  but  the  symptoms  returned  in 
October,  and  signs  of  active  disease  on  the  right  side  were 
found.  The  treatment  was  stopped,  and  the  right  lung 
became  gradually  worse  until  June,  1920,  when  a  right 
pneumothorax  was  induced.  The  dosage  varied  from  200 
to  500  c.cm.,  and  the  intervals  between  each  injection  were 
about  eight  days.  A  negative  pressure  was  left  after  each 
refill.  Sixteen  refills  were  given.  There  was  some  im¬ 
provement,  but  at  the  end  of  September  right  pleural  effusion 
developed,  and  there  was  much  dyspnoea.  The  heart  became 
very  weak,  and  the  treatment  was  discontinued. 

In  one  of  my  patients  there  were  extensive  signs  of  active 
disease  over  the  left  lung,  and  over  the  right  lung  as  far  as 
the  third  rib  in  the  mid-clavicular  line  in  front,  and  the  angle 
of  the  scapula  behind.  She  had  just  returned  from  a 
sanatorium,  where  she  had  become  much  worse,  the  physical 
signs  having  extended  very  rapidly.  A  left  pneumothorax 
was  induced,  and  four  refills  were  given.  The  treatment 
was  then  stopped  for  seven  weeks,  when  a  right  pneumo¬ 
thorax  was  made  and  five  refills  given.  The  patient  was 
very  dyspnoeic,  but  there  was  less  sputum,  and  the  cough  was 
not  so  troublesome.  The  activity  of  the  disease  was  checked 
and  the  ease  developed  into  one  of  the  chronic  fibroid  type, 
the  patient  being  still  alive  eight  years  later. 

Saugman  (7)  describes  seven  eases  in  which  he  made  a 
bilateral  pneumothorax.  One  had  the  left  lung  collapsed 
from  November,  1912,  to  July,  1913,  and  the  right  lung  from 
January,  1914,  to  June,  1915.  Since  then  he  has  been  in 
good  health  and  was  known  to  be  still  at  work  in  1919,  All 
the  other  six  cases  died. 
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The  contra-indications  for  artificial  pneumothorax  are  : — 

1.  In  the  absence  of  any  of  the  special  indications  men¬ 
tioned,  pneumothorax  should  not  be  induced  if  the  lesions 
are  healing  under  ordinary  treatment  and  the  patient  can 
afford  the  time  to  allow  arrest  to  take  place. 

2.  When  there  is  so  much  adherent  pleura  that  it  is  possible 
to  produce  only  a  partial  pneumothorax  which  is  not  suffi¬ 
cient  to  rest  the  diseased  part.  Sometimes  a  very  partial 
collapse  will  have  a  beneficial  effect  on  the  disease,  but  if  it 
has  no  effect  it  is  not  wise  to  maintain  it.  One  should 
remember  that  a  satisfactory  collapse  is  often  obtained 
although  physical  signs,  X-ray  or  a  history  of  repeated 
attacks  of  pleurisy,  or  even  pleural  effusion  may  suggest  that 
there  are  extensive  adhesions.  One  should  never  assume 
that  pneumothorax  is  impossible  until  one  has  tried  to 
induce  it. 

3.  In  very  advanced  cases  pneumothorax  with  the  neces¬ 
sary  refills,  often  adds  to  the  patient’s  discomfort,  and 
should  not  be  induced  as  a  last  resort  when  there  is  no  hope 
for  the  patient. 

4.  Patients  with  a  highly  neurotic  temperament  do  badly 
with  pneumothorax  as  with  any  other  treatment.  I  have 
had  to  discontinue  the  refills  owing  to  the  mental  state  of 
the  patient. 

5.  It  is  obviously  unwise  to  induce  pneumothorax  when 
the  tuberculosis  of  the  lungs  is  a  terminal  phase  of  some 
intercurrent  disease.  At  the  same  time,  intercurrent  disease 
need  not  of  itself  be  a  contra-indication.  For  example, 
many  patients  with  diabetes  and  tuberculosis  do  extra¬ 
ordinarily  well  with  insulin  and  pneumothorax.  Asthma 
and  emphysema  are  not  always  absolute  contra-indications, 
although  in  such  cases  one  often  has  to  stop  the  treatment 
owing  to  dyspnoea,  but  I  have  known  asthmatic  consump¬ 
tives  successfully  treated  by  pneumothorax. 

6.  Active  bilateral  disease  is  a  contra-indication  only  if 
collapse  of  one  lung  aggravates  the  disease  in  the  other  and 
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collapse  of  both  lungs  either  simultaneously  or  alternately 
is  not  feasible. 

APPARATUS 

There  are  many  different  kinds  of  apparatus  designed  to 
induce  artificial  pneumothorax,  and  after  a  time  the  physi¬ 
cian  gets  accustomed  to  a  certain  type  of  instrument,  some 
liking  one  and  others  another,  but  really  it  is  a  matter  of 
small  importance  as  to  which  is  used.  When  asked  to  advise 
in  the  choice  of  a  pneumothorax  apparatus  I  always  recom¬ 
mend  the  simplest  for  hospital  and  institutional  use,  and 
for  private  work  the  most  portable.  The  apparatus  devised 
by  Drs.  Lillingston  and  Pearson  and  shown  in  Fig.  15,  is 
very  simple  and  satisfactory.  It  consists  of  two  bottles 
A  and  B.  A  is  graduated  from  0  to  1,100  c.cm.,  and  is  tall 
and  narrow,  so  that  the  graduations  are  easily  read.  Both 
bottles  are  fitted  with  rubber  stoppers.  A  glass  tube  C 
passes  through  one  stopper  to  the  bottom  of  bottle  A  and  a 
similar  glass  tube  D  passes  through  the  other  stopper  to  the 
bottom  of  bottle  B.  These  two  tubes  are  connected  by  a 
rubber  tube  E.  Shorter  glass  tubes  FF  pass  just  through 
both  stoppers.  Now  if  one  bottle  and  the  tubes  CDE  are 
filled  with  water  the  water  will  flow  into  the  other  until  it  is 
on  the  same  level  in  the  two  bottles.  Air  will  enter  through 
tube  F  in  the  emptying  bottle  and  be  forced  out  through 
tube  F  in  the  other  bottle.  Tube  F  from  the  graduated 
bottle  A  is  connected  by  a  rubber  tube  with  one  limb  of 
a  cross-shaped  glass  tube  G.  The  other  three  limbs  of  this 
glass  tube  are  fitted  with  rubber  tubes,  one  of  which  H,  is 
connected  with  the  manometer,  another  J,  is  connected  with 
the  needle  and,  the  third  K,  is  a  short  tube  used  only  for 
filling  the  apparatus  with  air. 

If  the  tube  K  is  clamped  and  the  bottle  B  raised  so  that 
water  flows  into  A,  the  air  in  A  will  be  forced  out  through 
the  needle  at  the  end  of  tube  J,  but  if  J  is  also  clamped,  the 
air  will  force  down  the  column  of  liquid  in  the  limb  L  of  the 
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manometer  and  the  liquid  in  the  limb  M  will  rise.  NO  are 
filters  of  sterilised  cotton  wool.  P  is  a  short  glass  tube  to 
act  as  a  window  in  the  tube  J  near  the  needle.  R  is  a  scale 
by  which  the  pressure  can  be  read  in  centimetres  of  water. 
STX  are  clamps.  When  the  apparatus  is  not  in  use  the  open 


ends  of  tubes  J  and  K  are  closed  by  sterilised  glass  rods. 
The  apparatus  is  very  simple,  the  bottles  can  easily  be 
cleaned  and  the  tubing  boiled.  The  limb  of  the  manometer 
should  be  long  and  fitted  with  bulbs  at  the  tops  so  that  the 
liquid  may  not  be  forced  out  of  M  by  a  high  positive  pressure 
or  sucked  into  tube  H  by  a  negative  one.  I  use  water 
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coloured  with  a  little  red  ink  for  the  manometer  liquid.  Mer¬ 
cury  is  too  heavy. 

Before  using  the  apparatus  it  is  important  to  see  that  there 
is  no  leak.  This  can  easily  be  done  by  making  a  small 
negative  or  positive  pressure  recorded  on  the  manometer 
and  after  clamping  the  tubes  seeing  if  any  air  escapes. 

In  order  to  use  the  apparatus,  bottle  B  is  filled  with  1  in 
100  carbolic  solution  slightly  coloured  to  make  it  more 
visible.  A  little  air  is  blown  with  a  Higginson  syringe 
through  F  into  bottle  B  to  force  the  liquid  through  tubes 
DEC  into  bottle  A,  and  thus  start  a  syphon  action.  When  the 
liquid  reaches  0  in  bottle  A,  the  tubes  E  and  K  are  clamped. 
J  is  clamped  at  X  so  that  the  needle  is  in  connection  only 
with  the  manometer.  The  trocar  is  removed  from  the 
needle  and  the  tap  at  the  top  turned  off.  Clamps  S  and  X 
are  now  unfastened  and  the  end  of  the  needle  is  put  into  a 
little  methylated  spirit  through  which  bubbles  of  air  should 
pass  if  the  apparatus  is  working  properly.  Liquid  should 
be  allowed  to  flow  from  bottle  A  into  bottle  B  until  its  level 
is  equal  in  the  two  bottles,  and  when  E  is  unclamped  the 
pressure  in  the  tubing  is  atmospheric.  Thus,  air  cannot  be 
forced  out  through  the  needle  under  pressure  with  the  risk 
of  causing  gas  embolism.  The  tubing  is  now  clamped  at  S 
and  X  (T  is  already  clamped),  the  needle  is  dried  over  a 
spirit  flame  and  the  apparatus  is  ready  for  use.  For  the 
initial  induction  of  pneumothorax  I  use  a  Riviere  needle, 
as  this  has  a  blunt  end  when  the  trocar  is  removed,  and  is 
less  likely  to  injure  the  visceral  pleura  than  the  pointed 
Saugman  needle,  which  I  use  for  giving  refills.  I  do 
not  think  any  other  instrument  is  better  than  this  for 
hospital  use  ;  besides  being  effective  it  is  cheap  and  simple, 
and  any  part  that  happens  to  get  broken  can  easily  be 
replaced.  For  private  work,  however,  when  the  instru¬ 
ment  has  to  be  carried  from  place  to  place  and  taken  in 
trains  and  cars  it  is  rather  awkward  and  heavy,  and  the  liquid 
is  apt  to  spill.  Dr.  Heaf  (1)  designed  a  portable  apparatus 
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which  I  have  found  very  satisfactory.  It  is  shown  in  Fig.  16, 
and  has  the  advantages  of  having  no  liquids  in  any  part  and 
being  light  and  portable.  It  consists  of  a  collapsible  bellows 
supported  by  three  guides  and  arranged  so  as  to  fall  steadily 
under  the  weight  of  a  metal  cap  attached  to  the  tubes  which 
slide  over  the  three  guides.  The  bellows  hold  500  c.cm.  of 
air  and  a  graduated  scale  shows  the  amount  of  air  used. 
At  the  top  of  the  bellows  is  a  metal  tube  and  tap  so  that  they 


Fig.  16. — Heaf’s  artificial  pneumothorax  apparatus. 


can  be  filled  with  air  or  other  gas,  whilst  at  the  base  is  an 
outlet  which  leads  the  gas  through  a  second  tap  and  reducing 
valve,  and  a  manometer  is  fixed  at  this  point  in  direct  con¬ 
nection  with  the  pneumothorax  needle.  A  simple  filter  is 
placed  between  the  manometer  and  the  needle.  To  use 
the  apparatus  tap  B  is  closed  and  the  tap  A  opened.  The 
bellows  are  raised  by  the  hooked  tube  until  the  stop  is  reached 
when  tap  A  is  closed.  The  reducing  valve  is  then  closed,  and 
the  manometer  adjusted  to  zero.  When  the  needle  is 
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inserted  into  the  pleural  cavity  the  pressure  can  be  read  on 
the  manometer  which  is  very  delicate  and,  on  opening  tap 
B  and  unscrewing  the  reducing  valves,  air  will  enter  the 
pleural  cavity,  its  rate  being  regulated  by  the  valve.  The 
apparatus  can  be  taken  to  pieces  quite  easily  and  the  inside 
bellows  cleaned  with  spirit. 

Choice  of  Gas. — I  always  use  air  for  ordinary  pneumo¬ 
thorax  work  not  only  because  it  is  easy  to  get,  but  because 
it  approaches  most  nearly  to  the  alveolar  air  and  therefore 
less  interchange  of  gas  takes  place  in  the  pleural  cavity. 
Rist  and  Strohl  (2)  concluded  that  there  is  a  balance  between 
the  gases  of  the  pneumothorax  cavity  and  the  gases  in  the 
venous  blood.  When  either  air  or  nitrogen  is  introduced 
there  follows  a  short  period  during  which  the  total  gas  in 
the  pneumothorax  cavity  is  increased  before  interchange  of 
gases  establishes  a  balance.  Tobiesen  (3)  found  on  analysis 
N2  90  per  cent.,  C02  6-7  per  cent.,  02  3-4  per  cent,  in  the 
pneumothorax  cavity  whether  nitrogen,  carbon  dioxide  or 
oxygen  had  been  used  at  the  previous  refill.  Oxygen  is 
absorbed  rather  more  rapidly  than  air  or  nitrogen,  and  is 
therefore  the  best  gas  to  use  if  a  rapid  absorption  is  required, 
as,  for  example,  in  certain  cases  of  pleural  effusion.  It  has 
been  used  at  the  initial  induction  of  pneumothorax  on  the 
assumption  that  it  is  less  likely  to  cause  gas  embolism  owing 
to  its  rapid  absorption.  For  a  similar  reason  carbon 
dioxide,  which  is  readily  absorbed  by  the  blood  serum,  has 
been  used.  With  proper  technique  gas  embolism  should 
not  occur  and  the  choice  of  gas  in  this  respect  makes  no 
real  difference.  Helium  has  been  tried,  but  was  found  to 
have  no  advantages  and  to  be  absorbed  as  quickly  as  air 
or  nitrogen.  Nitrogen  is  still  used  by  some,  but  I  think 
air  is  better.  Perhaps  the  American  was  right  when  he 
said  that  the  difference  between  the  two  was  only  a  matter 
of  dollars. 

The  following  tables  suggest  that  there  is  no  appreciable 
difference  in  the  rate  of  absorption  between  the  two  gases  : — 
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1.  One  of  my  cases  having  refills  at  three- weekly  intervals. 


March  10  th 

—  6 

— 0  .  . 

700  air 

+  4  +  9 

31st 

.  -6 

—  1  .  . 

750  „  . . 

+  4  +10 

April 

21st 

.  -5 

— 0  .  . 

750  N2  .  . 

+3  +  9 

May 

12th 

.  -6 

—  0  .  . 

700  air 

+  4  +  9 

June 

2nd 

.  —5 

—1  . . 

700  „ 

+  4  +  8 

2.  One  of  my 

cases  having  refills  at  four- weekly  intervals. 

April 

7th 

.  -8 

—  2  .  . 

1,000  air  .  . 

+  2  +12 

Mav 

«/ 

5th 

.  -8 

—  2  .  . 

1,000  „  .  . 

+  1  +11 

June 

2nd 

.  -7 

—  3  .  . 

1,000  N2  .  . 

+  2  +11 

55 

30th 

.  -8 

-3  .  . 

1,000  air  .  . 

+  1  +H 

The 

rate  of 

absorption  varies 

enormously 

in  different 

individuals  and,  as  a  general  rule,  it  is  absorbed  more  quickly 
in  the  early  stages  of  pneumothorax  than  in  the  later  ones. 

TECHNIQUE  OF  INDUCING  ARTIFICIAL 
PNEUMOTHORAX 

The  mental  attitude  of  the  patient  is  of  the  greatest  import¬ 
ance.  In  a  hospital  or  sanatorium  where  several  patients 
are  having  penumothorax  treatment  the  immediate  benefits 
are  so  obvious  to  all,  and  the  inconveniences  of  the  refills  so 
slight,  that  patients  often  ask  to  have  it  and  become  very 
disappointed  and  depressed  if  told  they  are  unsuitable. 
Nowadays  it  is  so  widely  known  that  the  majority  of 
patients  expect  that  it  should  at  least  be  mentioned  as  one 
of  the  possibilities  of  treatment.  There  are  still  a  few,  how¬ 
ever,  who  regard  pneumothorax  as  an  operation  only  to  be 
considered  as  a  last  resort  or  as  a  kind  of  experiment,  and 
who  work  themselves  up  into  a  state  of  nerves  so  that  there 
is  a  considerable  rise  of  temperature  on  each  day  the  refill  is 
due,  even  if  for  some  reason  it  is  not  given.  A  little  dyspnoea 
becomes  serious  gasping  for  breath,  relieved  at  once  by 
morphia,  a  little  pain  becomes  agony  and  a  feeling  of  tight¬ 
ness  in  the  chest  may  lead  to  most  alarming  symptoms  of 
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distress  which  are  never  seen  in  the  patient  with  confidence. 
On  two  occasions  I  have  had  to  stop  the  refills  owing  to  the 
mental  condition  of  the  patient.  In  such  cases  it  is  almost 
essential  for  the  patient  to  have  a  preliminary  course  of 
sanatorium  treatment  and,  after  a  week  or  so,  if  he  does  not 
himself  suggest  pneumothorax,  he  will  usually  welcome 
rather  than  dread  the  idea  of  it.  Unfortunately  this  type 
of  patient  is  the  one  who  so  often  refuses  to  go  into  a  sana¬ 
torium,  and  it  may  be  quite  impossible  to  get  him  into  the 
right  frame  of  mind  for  any  form  of  real  treatment,  though  a 
serious  attempt  should  be  made  to  influence  him  and  gain 
his  confidence  before  starting  a  pneumothorax. 

In  any  case,  the  procedure  should  not  be  in  the  nature  of 
a  surgical  operation  and  should  be  done  in  the  patient’s 
room  and  not  in  an  operating  theatre,  although,  of  course, 
all  instruments  should  be  boiled  and  the  strictest  precautions 
taken  against  sepsis.  It  is  unnecessary  to  make  any  special 
preparation  of  the  patient  or  to  give  him  a  preliminary  dose 
of  morphia  or  sedative.  In  case  of  accidents,  brandy, 
pituitary  extract  and  other  stimulants  should  be  in  readiness 
and  hot  water  bottles  at  hand,  but  these  precautions  should 
be  taken  without  the  patient’s  knowledge  and  to  him  the 
whole  procedure  should  be  made  to  appear  no  more  than  an 
ordinary  hypodermic  injection. 

Site  of  Puncture.— The  site  of  election  is  the  fifth  inter¬ 
costal  space  in  the  mid-axillary  line.  If  the  pleura  is 
adherent  in  this  area,  so  that  the  lung  will  not  collapse, 
an  attempt  should  be  made  in  the  sixth  space  in  the  pos¬ 
terior  axillary  line  and,  failing  this,  in  the  seventh  space,  just 
below  and  internal  to  the  angle  of  the  scapula.  If  the  pleura 
is  adherent  to  all  these  sites,  I  try  in  the  first  intercostal  space 
below  the  clavicle.  Should  the  pleura  be  adherent  here 
also,  it  is  not  necessary  to  make  any  further  attempts  to 
induce  a  pneumothorax,  for  with  such  widespread  adhesions 
any  collapse  obtained  would  not  be  sufficient  to  be  of  value. 

If  the  skin  and  pleura  are  properly  anaesthetised  with 
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novocain  and  sharp  needles  are  used,  the  punctures  are 
painless,  and  it  is  possible  to  make  all  four  attempts  at  one 
sitting.  In  the  case  of  a  patient  who  shows  signs  of  nervous¬ 
ness  it  is  sometimes  best  to  stop  after  the  second  attempt, 
and  to  postpone  the  other  punctures  for  a  day  or  two  ;  it 
is  hardly  ever  necessary  to  do  this,  however,  and  the  great 
majority  of  patients  prefer  to  get  the  whole  proceeding  over 
at  one  time.  Only  a  few  patients  get  a  satisfactory  collapse 
after  failure  to  produce  pneumothorax  at  the  first  attempt, 
and  a  successful  collapse  after  a  second  failure  is  rare. 

The  axillary  region  is  the  site  of  election  for  making  the 
first  attempt.  Here  the  ribs  are  far  apart,  and  there  is 
little  muscle  tissue  covering  the  chest.  Moreover,  adhesions 
are  less  likely  to  be  found  in  the  axilla  than  at  other  sites, 
and  the  lung  excursion  is  greatest. 

In  a  case  where  much  pleural  adhesion  is  suspected,  but 
where  a  friction  rub  is  heard,  an  attempt  should  be  made 
over  the  area  of  friction,  for  this  indicates  the  absence  of 
adhesions.  Whatever  the  clinical  or  X-ray  findings,  one 
should  never  assume  the  presence  of  too  many  adhesions  to 
allow  a  pneumothorax,  for  one  often  obtains  quite  a  good 
collapse  in  the  most  unlikely  cases.  When  trying  to  induce 
a  pneumothorax  it  is  best  not  to  puncture  the  pleura  over  a 
large  cavity  or  over  an  area  of  extensive  caseation. 

The  patient  should  be  arranged  comfortably  in  bed, 
supported  by  pillows  so  that  the  site  of  the  puncture  is 
uppermost  and  the  ribs  in  that  region  are  as  far  apart  as 
possible.  The  area  selected  for  puncture  is  then  cleaned 
and  J  c.cm.  of  a  2  per  cent,  solution  of  novocain  injected 
intracutaneously  so  that  a  small  lump  is  raised  and  the 
skin  anaesthetised.  The  hypodermic  needle  is  then  inserted 
into  the  middle  of  this  lump  and  pushed  slowly  down 
between  the  ribs,  novocain  being  injected  all  the  time,  the 
last  £  c.cm.  against  the  pleura.  This  procedure  is  perfectly 
painless  if  the  needle  is  small  and  sharp.  I  use  a  Record 
needle,  size  No.  20. 
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The  pneumothorax  apparatus,  which  has  previously  been 

got  ready  and  tested  as  already  described,  is  then  arranged 

at  the  patient’s  bedside.  If  Lillingston  and  Pearson’s 

apparatus  is  used  (Fig.  15,  p.  153)  slips  SXT  are  fastened  so 

that  when  the  chest  is  punctured  the  pleural  cavity  will  be 

in  connection  only  with  the  manometer  and  not  also  with 

•/ 

reservoir  A.  For  a  refill  the  liquid  in  A  should  stand  at  0, 
but  for  the  initial  induction  of  pneumothorax  the  liquid  in 
A  should  be  at  the  same  level  as  that  in  B,  so  that  on  releas¬ 
ing  clips  S  and  X  air  can  be  sucked  from  A  into  the  pleural 
cavity  by  negative  pressure,  but  cannot  be  forced  in  by  the 
rising  liquid  in  A. 

For  refills  Saugman’s  needle,  which  has  a  sharp  point,  is 
satisfactory,  but  for  the  initial  injection  it  is  better  to  use 
Riviere’s  needle,  which  consists  of  a  blunt-ended  cannula, 
through  which  passes  a  sharp-pointed  trocar.  In  choosing 
a  needle  I  should  avoid  one  with  too  small  a  bore,  as  the 
movements  of  the  manometer  are  not  so  readily  registered 
with  small-bore  needles. 

For  the  initial  induction  of  pneumothorax  a  Riviere  needle 
is  fixed  to  the  end  of  tube  J  and  pushed  gently  through  the 
anaesthetised  area  of  skin  between  the  ribs  and  down  to  the 
pleura.  Provided  the  needle  is  sharp,  this  is  quite  simple, 
and  it  is  not  necessary  to  make  a  preliminary  incision  of  the 
skin  with  a  tenotome.  On  reaching  the  pleura  the  trocar 
is  withdrawn,  the  tap  at  the  top  of  the  needle  turned  off. 
The  blunt  end  of  the  cannula  is  then  gently  pushed  through 
the  parietal  jDleura,  and  when  it  is  in  the  pleural  cavity  the 
manometer  will  show  a  negative  pressure  with  oscillations 
corresponding  to  inspiration  and  expiration.  At  this 
stage  the  patient  must  keep  absolutely  quiet  and  the  needle 
be  held  perfectly  steady  or  it  is  liable  to  slip  out  of  the  pleural 
cavity.  When,  from  the  oscillations,  it  is  certain  that  the 
needle  is  between  the  visceral  and  parietal  layers  of  pleura, 
clips  S  and  X  are  unfastened  and  about  50  c.cm.  of  air 
allowed  to  be  sucked  into  the  pleural  cavity  ;  this  allows  a 
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small  air  space  to  collect  round  the  needle  since  the  patient 
has  been  so  arranged  that  the  site  of  puncture  is  uppermost. 
If  the  manometer  still  shows  a  negative  pressure  with 
oscillations,  it  is  now  safe  to  raise  bottle  B  and  allow  some 
300  c.cm.  of  air  to  enter  the  pleural  cavity.  The  readings 
of  the  manometer  are  then  noted  and  the  needle  withdrawn. 
The  exact  quantity  of  air  which  is  introduced  will  depend 
on  the  intrapleural  pressure,  but  for  the  initial  injection 
300  c.cm.  may  be  taken  as  a  good  average  as  it  is  not  enough 
to  cause  a  reaction  and  yet  sufficient  to  leave  an  air  space 
which  lasts  until  the  first  refill  on  the  following  day.  It  is 
best  not  to  put  any  dressing  over  the  small  puncture  which 
will  heal  without  leaving  a  scar. 

Sometimes  when  the  needle  enters  the  pleural  cavity 
there  is  registered  a  negative  pressure,  but  the  oscillations 
soon  stop.  This  is  because  the  visceral  layer  of  pleura  tends 
to  obstruct  the  end  of  the  cannula.  At  first  the  small 
quantity  of  air  in  the  needle  and  tubing  is  sucked  into  the 
pleural  cavity,  producing  a  bubble,  but  as  this  spreads  away, 
the  viscera  pleura  blocks  the  end  of  the  cannula.  It  some¬ 
times  happens  that  during  inspiration  the  pressure  becomes 
more  negative,  but  during  expiration  the  visceral  pleura 
blocks  the  end  of  the  cannula,  so  that  there  is  a  valve  action 
which  practically  makes  the  manometer  a  minimum  pressure 
one. 

If  the  lung  is  punctured  by  the  needle,  air  may  escape  from 
the  alveoli  and  produce  an  air  space  so  that  oscillations  occur 
as  in  an  ordinary  artificial  pneumothorax.  These  small 
punctures  soon  heal  and,  as  a  rule,  do  no  harm,  but  they  are 
especially  liable  to  occur  if  a  sharp  needle  is  used  for  the 
initial  injection. 

When  the  needle  enters  the  lung  or  a  bronchus  or  cavity 
there  may  be  oscillations  registering  a  negative  pressure 
during  inspiration  and  a  positive  one  during  expiration, 
but  with  the  mean  pressure  at  zero.  If  air  is  introduced 
it  will  not  affect  the  pressure  in  such  a  case,  and  I  have  seen 
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one  where  2,000  c.cm.  of  air  were  injected  and  yet  the 
oscillations  of  the  manometer  ranged  a  point  or  so  above 
and  below  zero,  because,  of  course,  the  air  was  not  entering 
the  pleural  cavity,  but  escaping  through  the  bronchi. 

Should  the  needle  pierce  the  diaphragm  and  enter  the 
abdominal  cavity  the  oscillations  will  be  inverse  :  that  is 
to  say,  a  low  pressure  will  be  registered  with  expiration  and 
a  higher  one  with  inspiration. 

Sometimes  the  manometer  registers  a  positive  pressure 
which  becomes  gradually  higher.  This  may  be  due  to 
the  needle  being  in  a  blood  vessel,  when  blood  will  pass  up 
the  tubing  and  be  seen  through  the  glass  tube  P.  It  is 
in  such  a  case  that  there  is  a  danger  of  gas  embolism  if  air 
is  forced  in  under  pressure.  I  have  had  cases  where  the 
needle  has  entered  a  large  vessel  or  the  heart,  and  blood  has 
rushed  up  the  tubing,  but  no  ill  effects  have  followed. 

Refills. — It  is  on  careful  spacing  of  the  refills  and  giving 
the  correct  quantity  of  gas  that  success  or  failure  of  pneumo¬ 
thorax  treatment  depends.  When  a  lung  is  collapsed  no 
special  skill  is  required  to  put  a  needle  into  the  pleural  cavity 
and  inject  gas,  but  it  requires  considerable  experience  to 
judge  how  much  to  give  and  when  to  give  it. 

A  common  mistake  is  to  give  a  definite  quantity  of  gas  at 
fixed  intervals  regardless  of  the  fact  that  the  right  amount 
varies  as  treatment  proceeds,  so  that  a  patient  may  require 
more  gas  at  one  time  and  less  at  another. 

Another  mistake  is  to  leave  too  long  an  interval  between 
the  refills  so  that  the  lung  re-expands  sufficiently  for  the 
visceral  pleura  to  come  in  contact  with  the  parietal  pleura  and 
to  become  adherent  in  places.  Firm  adhesion  may  occur  in 
three  days  or  less,  and  no  amount  of  intrapleural  pressure 
will  separate  the  adherent  surfaces.  Even  at  operation  it  is 
often  found  impossible  to  do  so  without  tearing  the  lung,  so 
firm  are  the  adhesions.  The  process  gradually  spreads  until 
the  whole  of  the  pleura  becomes  adherent  and  the  pneumo¬ 
thorax  cavity  obliterated  (10)  in  spite  of  maintaining  high 


REFILLS 


163 


intrapleural  pressures  or  injecting  gomenol  into  the  pleural 
cavity.  Dr.  Lillingston  (15)  describes  a  case  in  which  the 
refills  were  being  given  once  a  month,  but  were  left  once  for 
an  extra  two  weeks,  when  it  was  found  that  300  c.cm.  of  gas 
caused  a  pressure  of  +8.  Frequent  refills  were  given  and 
the  pressure  taken  to  +16,  but  the  pneumothorax  cavity 
became  obliterated.  Sometimes  one  wants  the  lung  to 
expand  in  this  way  and  a  process  of  gradual  obliteration  of 
the  pneumothorax  cavity  with  subsequent  fibrosis  is  often 
a  satisfactory  termination  of  the  treatment,  but  if  it  is  desired 
to  maintain  a  pneumothorax  it  is  of  the  utmost  importance 
to  prevent  the  visceral  and  parietal  pleura  from  coming  into 
contact  with  each  other. 

Perhaps  the  most  common  mistake  is  to  maintain  the 
wrong  degree  of  collapse.  Some  patients  do  best  with  a  very 
partial  collapse,  and  if  this  is  increased  they  begin  to  get 
thin,  develop  dyspnoea  and  lose  ground.  Others  fail  to 
improve  until  a  complete  collapse  is  obtained  and  large 
and  frequent  refills  are  given.  Some  of  my  best  cases  had 
regular  refills  of  over  1,000  c.cm.  with  full  collapse  of  lung 
and  often  considerable  displacement  of  the  mediastinum. 
In  the  majority  of  cases,  however,  small  refills  are  more 
suitable,  and  I  rarely  give  more  than  300  c.cm.  for  the  initial 
injection.  The  first  refill  should  be  given  twenty-four  hours 
later,  and  subsequent  small  refills  every  few  days,  so  that  the 
desired  collapse  is  obtained  in  about  a  fortnight.  The  follow¬ 
ing  may  be  taken  as  typical  examples  of  the  first  few  refills  : — 


July  18th 

—  6 

—  4 

300 

c.cm. 

— 

5 

— 

2 

„  19th 

—  6 

—  4 

400 

55 

— 

5 

— 

1 

,,  21st 

—  6 

—  2 

500 

55 

— 

4 

— 

1 

„  24th 

—  5 

—  2 

500 

55 

— 

4 

— 

0 

„  27th 

—  4 

—  2 

500 

55 

— 

2 

— 

0 

,,  31st 

—  2 

—  1 

500 

55 

— 

1 

+ 

1 

August  5th 

—  4 

—  2 

600 

55 

+ 

1 

+ 

4 

„  12th  . 

—  4 

—  1 

600 

55 

+ 

2 

+ 

4 

22  nd  , 

-  3 

”  0 

60Q 

5} 

+  4 

J2 — % 

+ 

7 
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February  2nd  . 

—  14  —10 

300  c.cm. 

— 

10 

— 

4 

55 

3rd  . 

—  12  —  8 

400 

5  5 

— 

8 

— 

2 

55 

5th  . 

—  8  —  4 

450 

5  5 

— 

6 

— 

0 

5  5 

8th  . 

—  9  —  2 

500 

55 

— 

4 

+ 

2 

55 

12th  . 

—  8  —  1 

600 

5  5 

+ 

0 

+ 

5 

55 

16th  . 

—  6  —  0 

650 

5  5 

+ 

1 

+ 

6 

5  5 

23rd  . 

—  3  —  0 

600 

5  5 

+ 

2 

+ 

8 

March  4th 

-2  +  1 

600 

55 

+ 

4 

+ 

9 

All  pressures  are  centimetres  of  water. 

Yet  another  mistake  is  to  leave  too  long  an  interval 
between  refills  in  a  patient  when  the  gas  is  quickly  absorbed. 
In  such  a  case  there  is  considerable  re-expansion  of  lung 
between  the  refills,  and  instead  of  keeping  the  lung  at  rest 
(which  after  all  is  the  main  object  of  the  treatment)  it  is 
alternately  collapsed  and  expanded.  I  have  spoken  of  this 
as  the  concertina  type  of  case,  and,  to  keep  the  lung  steadily 
collapsed,  small  refills  should  be  given  sometimes  as  fre¬ 
quently  as  every  other  day.  The  following  is  an  example  of 
faulty  intervals  between  refills  :  a  patient  who  had  been 
under  treatment  by  artificial  pneumothorax  for  two  and  a 
half  years  was  having  1,500  c.cm.  of  air  every  five  weeks. 
At  the  end  of  this  time,  however,  the  lung  had  completely 
re-expanded.  It  was  found  that  600  c.cm.  left  a  pressure  of 
—6,  but  caused  a  good  collapse  which  lasted  for  a  fortnight, 
when  the  lung  began  to  re-expand  quickly.  To  keep  the 
lung  at  rest,  therefore,  600  c.cm.  of  air  should  have  been 
given  every  two  weeks. 

When,  at  the  end  of  about  a  fortnight,  the  optimum  degree 
of  collapse  has  been  obtained,  refills  should  be  regulated 
according  to  the  rate  of  absorption  of  gas  and  the  condition 
of  the  patient,  and  it  must  be  remembered  that  even  in  the 
same  individual  the  intervals  between  refills  and  the  correct 
quantity  of  air  required  vary  as  the  treatment  proceeds.  By 
optimum  degree  of  collapse  is  meant  that  which  best  suits 
the  particular  patient ;  some  do  best  with  a  very  partial  and 
others  with  a  complete  collapse.  The  next  thing  to  discover 
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is  how  long  this  optimum  degree  of  collapse  will  last  without 
a  refill,  and  this  can  be  done  by  watching  the  degree  of  re¬ 
expansion  of  lung  by  X-ray,  and  by  observing  any  return  of 
symptoms. 

If,  after  a  refill  leaving  the  interapleural  pressure  at  —2, 
the  patient  is  free  from  symptoms,  but  with  any  further 
collapse  he  does  not  do  so  well  and  begins  to  lose  weight  or 
have  dyspnoea,  we  may  regard  — 2  as  the  maximum  pressure 
which  should  be  reached  for  that  patient  at  that  stage  of  the 
treatment. 

In  the  same  wray  the  minimum  pressure  may  be  found,  a 
lower  one  producing  a  return  of  symptoms  or  failure  to  give 
sufficient  rest  to  the  lung.  Suppose  — 12  is  the  minimum 
pressure,  then  in  this  case  the  optimum  degree  of  collapse  is 
that  which  exists  between  — 2  and  — 12.  The  refills  and  the 
quantity  of  gas  required  can  be  arranged  accordingly.  It  is 
well  to  watch  the  lung  by  X-ray  screen  at  frequent  intervals 
in  the  early  stages  of  treatment  to  see  that  there  is  not  suffi¬ 
cient  re-expansion  to  cause  danger  of  adherence  of  the  pleura. 

Adhesions  may  prevent  a  satisfactory  collapse  and  lead  to 
high  intrapleural  pressures  after  only  a  small  quantity  of  air 
has  been  given.  If  it  is  decided  to  go  on  with  the  treatment, 
and  try  to  stretch  the  adhesions,  small  frequent  refills  are 
better  than  large  ones  at  longer  intervals.  High  intra¬ 
pleural  pressures  in  such  cases  are  useless  when  the  adhesions 
are  firm,  and  dangerous  when  they  may  be  stretched,  but 
are  also  liable  to  rupture.  Moreover,  a  high  pressure  is  very 
quickly  reduced,  as  shown  in  the  following  cases  : — 
Intrapleural  pressure.  Six  hours  later. 


1. 

+  18  +30 

•  • 

+  1 

+8 

2. 

+  12  +20 

•  • 

0 

+  6 

8. 

+  22  +28 

•  • 

+  1 

+  5 

If  high  pressures  are  obtained  it  is  quite  common  for  a 
little  surgical  emphysema  to  develop  around  the  site  of  punc¬ 
ture  from  escapes  of  the  gas,  and  this,  of  course,  also  lowers 
the  intrapleural  pressure. 
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When  fluid  develops  during  pneumothorax  treatment  the 
gas  is  less  quickly  absorbed,  and  the  weight  of  the  effusion 
empties  the  alveoli  completely  of  air,  so  that  the  lung  is  often 
collapsed  for  a  long  period  without  a  refill.  It  is  important, 
however,  to  keep  these  cases  under  careful  observation,  for 
adhesions  are  liable  to  form  under  the  fluid  and  to  draw  out 


the  base  of  the  lung,  thus  starting  a  process  of  obliteration 
of  the  pneumothorax  cavity.  To  prevent  this  the  fluid  should 
be  removed  or  replaced  with  air  if  there  are  any  signs  of 
re-expansion  at  the  base  of  the  lung. 

In  a  straightforward  case,  therefore,  it  may  be  said  : — 

1.  That  the  lung  should  be  allowed  to  collapse  gradually. 

2.  That  when  it  has  been  collapsed  the  optimum  pressures 
should  be  determined  for  each  individual  case  and  thus  correct 
dosage  of  gas  and  intervals  between  refills  ascertained. 

3.  That  the  patient  must  be  kept  under  careful  supervision 
not  only  because  the  rate  of  absorption  tends  to  vary  as  time 
passes,  but  also  it  may  be  affected  by  such  complications  as 
spread  of  adhesions,  pleural  effusion,  etc. 

Duration  of  Treatment. — Professor  Saugman  (7)  wrote  : 
44  The  pneumothorax  being  complete  I  now  normally  let  the 
patient  be  treated  for  about  five  years.  If  then  all  is  normal, 
and  if  he  wishes  it,  I  let  the  pneumothorax  close,  choosing 
the  summer  season  to  allow  the  lung  to  re-expand,  for  the 
first  months,  observing  the  patient  very  closely,  if  possible 
in  the  sanatorium  ;  and  no  sooner  do  symptoms  of  relapse 
in  the  treated  lung  appear  than  I  renew  the  injection  of  gas, 
but  only  in  a  very  few  cases  have  I  seen  reason  to  do  so.” 
He  gives  the  following  table  : — 

Of  forty-three  patients  discharged  1907-1917,  and  at  work 
in  1919,  compression  lasted — 

i  year  in  1  case.  4  to  5  years  in  2  cases. 

f  ,,  ,,  2  cases.  5  to  6  ,,  ,,  1  case. 

1  to  2  years  in  11  cases.  6  to  7  ,, 


2  to  3  ,, 

3  to  4  ,, 


17 

7 


5  ? 


Unknown  in  1  case. 
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Vere  Pearson  (9)  states  that  in  his  opinion  the  compression 
should  be  kept  up  for  at  least  three  years  if  it  is  to  be  effec¬ 
tive.  He  would  continue  treatment  with  an  occasional 
refill  for  a  further  eighteen  months  if : — - 

1.  The  patient  is  over  thirty-three  years  of  age  and  has  lost 
the  resilience  and  recuperative  powers  of  youth. 

2.  The  compressed  lung  has  a  fairly  useless  one  before 
the  initial  injection,  and  if  in  addition  it  was  producing 
chronic  poisoning. 

3.  Things  are  going  well  during  the  maintenance  of  the 
collapse. 

In  a  large  number  of  cases  the  termination  of  the  treatment 
is  settled  by  various  factors  such  as  obliteration  of  the  cavity 
by  adherent  pleura,  development  of  active  disease  in  the 
other  lung,  etc. 

If,  however,  the  patient  is  doing  well  and  keeping  free  from 
symptoms  and  at  work  I  think  the  collapse  should  be  main¬ 
tained  for  three  years  and  then  the  lung  allowed  to  expand 
gradually  during  the  summer.  Before  allowing  complete  re¬ 
expansion  I  give  two  or  three  refills  at  long  intervals,  using 
only  sufficient  gas  to  prevent  the  visceral  and  parietal  layers 
of  pleura  from  coming  into  contact,  for  by  this  means  it  is 
possible  to  re-collapse  the  lung  fully  should  a  return  of  symp¬ 
toms  make  this  advisable. 

In  cases  where  there  are  many  adhesions  but  sufficient 
collapse  to  relieve  the  symptoms,  the  refills  should  be  kept  up 
whilst  the  pneumothorax  cavity  is  contracting  as  long  as  they 
are  doing  good,  but  when  the  amount  of  collapse  is  so  small 
that  it  has  no  effect  on  the  symptoms,  the  refills  should  be 
stopped. 

Selective  Collapse. — Plate  XXV  shows  a  lung  with  good 
collapse  at  the  apex  except  where  the  lung  is  slightly  drawn 
out  by  an  adhesion  going  to  the  axilla.  The  base  is  suffi¬ 
ciently  collapsed  to  keep  the  lung  from  the  chest  wall,  but  is 
more  expanded  than  the  apex.  This  condition  is  known  as 
selective  collapse,  and  it  has  been  found  that  collapse  tends 
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to  occur  in  the  diseased  rather  than  in  the  healthy  parts  of 
the  lung. 

Plate  XXVI  shows  the  same  case  twenty-two  months 
later  when  the  right  lung  has  completely  expanded  but 
disease  has  broken  out  in  the  left  lung  and  chiefly  at  the  base. 

Plate  XXVII,  taken  three  months  later,  shows  that  on 
producing  a  left  pneumothorax  it  is  the  base  that  is  chiefly 
collapsed. 

Plate  XXVIII  shows  the  complete  collapse  of  lung  which 
resulted  from  the  development  of  an  effusion. 

It  was  suggested  by  Dr.  Parry  Morgan  (11)  that  a  partial 
pneumothorax  would  produce  the  same  results  as  a  complete 
one  by  resting  the  diseased  part ;  he  pointed  out  that  during 
inspiration  the  normal  parts  of  the  lung  expand  against  the 
chest  wall,  so  that  a  small  quantity  of  air  in  the  pleural 
cavity  would  tend  to  collect  over  the  less  expansile  or 
diseased  portions.  Some  hold  the  opposite  view  that  the 
normal  parts  of  the  lung  collapse  more  readily.  In  practice 
the  matter  is  generally  complicated  by  adhesions  which  are 
especially  to  be  found  over  the  diseased  parts,  but  there  is  no 
doubt  that  in  the  absence  of  adhesions  a  small  quantity  of 
gas  introduced  into  the  pleural  cavity  does  tend  to  collect 
over  the  diseased  area,  and  that  if  a  complete  pneumothorax 
is  produced  the  normal  portions  of  lung  re-expand  more 
readily  than  the  others  when  refills  are  stopped. 

In  America,  Barlow  and  Kramer  (12)  have  practised  selec¬ 
tive  collapse  with  good  results,  and  claim  that  it  does  not 
affect  the  other  lung  or  cause  any  reaction. 

Dr.  Riviere  (13),  after  a  fair  trial  of  it,  was  not  able  to 
record  any  very  striking  results.  He  pointed  out  that  there 
are  several  difficulties  and  disappointments  in  connection 
with  partial  collapse. 

Firstly,  success  depends  on  a  free  pleura  over  the  diseased 
area. 

Secondly,  even  if  a  selective  collapse  is  obtained,  it  is  very 
difficult  to  maintain  it  at  the  same  amount,  and  even  X-ray 


PLATE  XXV 


Good  Apical  Collapse,  but  Partial  Expansion  of  Lower  Zone. 
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PLATE  XXVI 


Same  as  Plate  XX\  Two  Years  later.  Right  lung  has  re-expanded 

BUT  DISEASE  HAS  DEVELOPED  IN  THE  LEFT  LUNG,  CHIEFLY  AT  THE  BASE. 


PLATE  XXVII 


Same  Case  taken  Three  Months  after  Plate  XXVI  and  showing  that 
the  Collapse  is  chiefly  of  the  Diseased  Area,  namely  the  Base. 
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PLATE  XXVIII 


Same  Case.  A  small  effusion  has  developed,  and  the  lung  is  now 

COMPLETELY  COLLAPSED,  WHEREAS  BEFORE  THE  EFFUSION  IT  WAS  ONLY 
THE  DISEASED  BASAL  AREA  THAT  COLLAPSED  (PLATE  XXVII),  AND  THE 
DISEASED  APICAL  AREA  (PLATE  XXV). 
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examination  may  be  misleading,  for  the  gas  so  often  lies  in 
front  of  or  behind  the  lung  instead  of  around  it. 

Thirdly,  the  treatment  is  almost  always  affected  by 
reactions  following  the  refills.  He  remarks  that  although 
in  his  experience  those  reactions  constitute  the  main  trouble 
in  selective  collapse  they  are  not  referred  to  by  those  who 
advocate  the  treatment. 

Fourthly,  the  refills  have  to  be  small  and  frequent  and 
therefore  much  time  has  to  be  expended  on  each  individual 
case.  “  Fifteen  such  cases  will  take  up  the  entire  time  of 
anyone,”  said  Nathan  Barlow. 

In  my  experience,  a  partial  or  selective  collapse  may  be 
useful  in  bilateral  cases  when  it  is  obtained  on  both  sides  at 
once,  but  as  already  explained  (p.  149)  I  usually  prefer  to 
collapse  the  two  sides  alternately  and  not  simultaneously. 
Moreover,  in  bilateral  cases  it  is  very  rare  to  find  the  affected 
areas  free  from  adhesions  on  both  sides  of  the  chest. 

In  the  acute  type  of  case,  which  is  so  common  in  children 
about  puberty,  I  had  great  hopes  from  selective  collapse,  but 
was  disappointed,  for  the  disease  is  usually  too  scattered  for 
a  satisfactory  collapse  of  part  of  the  lung  to  be  of  value,  and 
as  full  a  collapse  as  possible  should  be  obtained  in  such  cases. 
With  regard  to  the  ordinary  apical  unilateral  case  I  think  a 
complete  collapse  is  safer  than  a  partial  one,  not  only  because 
it  tends  to  prevent  spread  of  disease  in  the  healthy  part  of  the 
lung,  but  because  in  partial  collapse  adhesions  commonly 
form  below  and  around  the  collapsed  part,  so  that  it  is 
impossible  subsequently  to  produce  a  complete  pneumo¬ 
thorax  even  if  it  is  desired  to  do  so.  I  quite  admit  that  in 
certain  cases  where  only  a  partial  collapse  was  possible  owing 
to  adhesions,  good  results  were  obtained,  but  in  my  series 
of  cases  far  better  results  followed  full  collapse  of  the 
lung,  and  I  think  this  should  always  be  obtained  when 
possible. 

Intrapleural  Pressure.— Intrapleural  pressure  is  measured 
by  the  manometer.  Water  is  generally  used,  as  mercury 
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is  too  heavy,  but  some  physicians  use  spirit,  which  gives 
large  oscillations.  All  pressures  given  in  this  book  are 
centimetres  of  water. 

The  size  of  the  needle  is  important,  as  the  oscillations  of  the 
manometer  are  not  well  shown  if  too  small  a  needle  is  used, 
If  two  needles  (one  being  a  large  pneumothorax  needle 
and  the  other  a  small  hypodermic  one)  connected  with  the 
manometer  by  means  of  rubber  tubes  and  a  T-shaped  glass 
rod  are  put  into  a  distended  rubber  bladder,  it  will  be  found 
that  the  pressure  registered  through  the  small  needle  is  the 
same  as  that  registered  through  the  large  one,  but  it  takes 
longer  to  register  through  the  small  needle.  By  giving  the 
bladder  little  taps,  the  manometer  shows  good  oscillations 
if  connected  through  the  large  needle,  but  hardly  any  move¬ 
ment  if  connected  through  the  small  one.  Similarly,  it 
will  be  found  that  if  the  liquid  in  one  bottle  of  the  pneu¬ 
mothorax  apparatus  is  higher  than  the  liquid  in  the  other 
and  the  outlets  are  stopped,  the  column  of  water  in  the  mano¬ 
meter  will  show  the  pressure,  and  it  will  be  the  same  whether 
the  tube  to  the  manometer  is  fully  patent  or  partially 
obstructed,  but  it  will  take  longer  for  the  pressure  to  be 
registered  if  the  tube  is  partially  obstructed.  It  is  very 
important  that  the  respiratory  oscillations  should  be  well 
shown,  and  for  this  reason  the  bore  of  the  needle  should  be  at 
least  1-2  mm. 

Normally  the  intrapleural  pressure  is  negative  owing  to 
the  elasticity  of  the  lungs  and  becomes  more  negative  during 
inspiration.  The  difference  of  pressure  between  full  inspira¬ 
tion  and  full  expiration  varies  in  different  patients,  but  it  is 
often  considerable  and,  of  course,  is  largely  dependent  on  the 
depth  of  respiration. 

Posture  has  a  big  effect  on  intrapleural  pressure  (14) 
and  this  should  always  be  borne  in  mind  when  giving  a 
refill  to  a  strange  patient,  and  he  should  be  put  in  the  same 
position  for  the  refill  as  previously.  Some  physicians  give 
refills  with  the  patient  sitting  on  a  chair,  others  with  him 
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lying  flat  on  his  back,  and  others  with  him  lying  completely 
or  partially  on  one  side.  If  one  has  a  record  of  previous 
refills  it  is  usually  possible  to  tell  in  what  position  they  were 
given  by  putting  a  needle  into  the  pleural  cavity  and  moving 
the  patient  until  the  usual  pressure  is  found. 

If  the  patient  lies  on  the  pneumothorax  side,  the  weight 
of  the  viscera  will  render  the  pressure  in  the  pneumothorax 
cavity  higher  than  if  he  lies  on  the  healthy  side.  In  one  of 
my  cases  the  pressure  was  — 4  +  2  with  the  patient  lying  on 
the  left  (pneumothorax)  side,  but  — 10  — 0  when  lying  on 
the  healthy  side.  After  a  refill  of  450  c.cm.  the  pressures 
were  +1  +3  and  —  5  +2,  respectively.  In  other  words, 
when  this  patient  was  lying  on  the  healthy  side  he  could 
raise  the  pressure  in  the  pneumothorax  cavity  as  much  by 
turning  on  to  the  treated  side  as  by  having  a  refill  of  450 
c.cm.  It  is  possible,  therefore,  to  use  posture  if  we  wish  to 
stretch  adhesions,  for  by  making  the  patient  lie  on  the  healthy 
side  there  will  be  a  continual  drag  on  the  adherent  surfaces. 
Posture  will,  of  course,  have  a  greater  effect  if  the 
mediastinum  is  freely  movable  and  if  the  lung  is  not  bound 
to  the  chest  wall  by  adhesions. 

The  intrapleural  pressure  is  sometimes  lowered  by  shifting 
of  the  mediastinum,  and  this  may  occur  suddenly.  With 
a  very  movable  mediastinum  it  is  often  difficult  and 
sometimes  impossible  to  obtain  a  good  collapse  of  the  lung 
without  displacing  the  mediastinum  and  producing  symptoms 
by  interfering  with  the  function  of  the  other  lung  and 
heart. 

Rupture  of  a  pleural  adhesion  sometimes  occurs,  and  this 
may  affect  the  intrapleural  pressure. 

As  air  is  allowed  to  enter  the  pleural  cavity,  the  pressure 
approaches  that  of  the  atmosphere,  and  then  if  more  air 
is  forced  in  to  compress  the  lung  the  pressure  becomes 
positive. 

The  following  table  shows  how  the  intrapleural  pressure 
rises  as  air  is  introduced  : — 
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Case  1. 

Case  2. 

Case  2. 

Initial 

Initial 

Three  Months 

Operation. 

Operation. 

Later. 

Initial  pressure 

—  14  —12 

—7  —5 

—  3 

—  0 

After  100  c.cm. 

air  . 

—  10  —  9 

—7  —2 

—  3 

—  0 

9  9 

200  „ 

9  9  • 

—  10  —  8 

-7  -2 

—  2 

+  2 

9  9 

300  „ 

99  • 

—  9  —  6 

-6  -2 

+  o 

+  2 

9  9 

400  „ 

??  • 

—  8  —  6 

—  6  —1 

+  1 

+  4 

9  9 

500  „ 

9  9  • 

+  2 

+  5 

99 

600  „ 

??  • 

+  4 

+  7 

99 

700  „ 

99  • 

+  6 

+  9 

99 

800  „ 

?  5  • 

+  8 

+  11 

99 

900  „ 

9  9  * 

Case  3. 

Case  4. 

+  10 

+  13 

Refill. 

Refill. 

Initial  pressure 

• 

.  —12  —8 

—  6  —  0 

After 

600  c.cm.  air 

.  —3—0 

— 

9  9 

o 

o 

v# 

5  ? 

.  —2—0 

— 

9  9 

800  „ 

?  ? 

+  2  +2 

—  2  +  4 

9  9 

900  ,, 

9  9 

+  1  +2 

—  2  +10 

9  9 

1,000  „ 

99 

.  +4+6 

+  2  + 10 

99 

1,100  „ 

9  9 

+4  +10 

9  9 

1,200  „ 

9  9 

+  6  +11 

In  these  four  cases  collapse  was  not  interfered  with  by 
adhesions.  If  adhesions  or  pleural  effusion  reduce  the  size 
of  the  pneumothorax  cavity,  it  wall  sometimes  be  found 
that  there  is  a  considerable  negative  pressure  at  first, 
but  that  it  rapidly  changes.  For  instance,  in  one  of 
my  cases  in  which  the  pneumothorax  cavity  was  gradu¬ 
ally  becoming  obliterated  by  the  spreading  of  the  pleural 
adhesions,  a  negative  pressure  of  —24  —12  was  found, 
but  it  became  +20  +26  after  250  c.cm.  of  air  had  been 
introduced. 

The  following  table  shows  the  variation  of  intra¬ 
pleural  pressure  at  the  initial  operation  when  there  are 
adhesions. 
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Initial  pressure 

Case  1. 

—  4  —  0 

Case  2. 

—  4  —  0 

Case  3. 

—6  — 0 

After  50  c.cm.  air  . 

+  8  +12 

— 

— 

„  100  „  „  . 

— 

+  19  +23 

— 

„  200  „  „  . 

— 

— 

+  2  +6 

The  next  table  shows  the  variation  of  intrapleural  pres- 


sure  after  the  formation  of  pleural  effusion  : — 

Case.  1. 

Case  2. 

Case  3. 

Initial  pressure  . 

-6  +  4 

-2  +  4 

—  3  —  0 

After  100  c.cm.  air 

-1+6 

— 

— 

„  200  ,, 

+  8  +14 

— 

— • 

,,  300  ,,  ,, 

+  16  +22 

— 

— 

,,  400  ,,  ,, 

— 

+20  +22 

— 

,,  500 

— 

— 

+  10  +14 

When  the  liquid  is  replaced  by  air 

the  quantity  removed 

must  be  greater  than 

that  of  the  air  added  if 

the  intra- 

pleural  pressure  is  to  be  lowered.  For  instance,  in  one  of  my 

cases  the  pressure  in 

the  air-space 

above  the 

liquid  was 

— 3  +1  ;  after  removing  700  c.cm.  of  liquid  it  was  — 14  — 6, 
but  on  adding  700  c.cm.  of  air  it  became  +3  +8. 

The  following  eases  show  the  effect  of  replacing  liquid 
with  air  on  the  intrapleural  pressure  : — 

1.  Pressure  —2  +4.  After  removing  1,650  c.cm.  of 

liquid  and  introducing  1,100 
c.cm.  of  air  the  pressure  was 
—4  +2. 

2.  Pressure  —8  +3.  1,350  c.cm.  of  liquid  were  removed 

and  1,100  c.cm.  air  introduced, 
and  the  pressure  was  —8  +2. 

3.  Pressure  —5  —4.  1,250  c.cm.  of  liquid  were  removed 

and  1,000  c.cm.  of  air  introduced, 
and  the  pressure  was  —4  —2. 

The  lung  can  remain  well  collapsed  with  a  negative  pres¬ 
sure.  Indeed,  one  almost  always  finds  a  negative  intra- 
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pleural  pressure  when  the  patient  attends  for  a  refill,  even 
^  ^'iay  shows  that  the  lung  is  well  collapsed  and  that  very 
little  re-expansion  has  taken  place  since  the  last  refill.  A 
positive  pressure  left  after  a  refill  is  soon  converted  into  a 
negative  one.  It  is  not  often  that  one  has  the  chance  of 
seeing  how  quickly  the  intrapleural  pressure  alters,  because 
at  the  initial  operation  only  a  small  quantity  of  air  is  given 
and  the  initial  pressure  is  altered  very  little,  whereas  in  the 
later  stages  of  the  treatment,  when  there  is  a  positive 
pressure,  the  refills  are  given  at  longer  intervals.  In  the 
two  following  cases,  however,  a  large  initial  quantity  of  air 

was  given  to  check  haemoptysis,  and  the  pressures  were  as 
follows  : — 


1.  Initial  pressure  .  .  _]q  _g 

After  1,400  c.cm.  of  air  .  i  -f-5 

Thirty-six  hours  later  .  —  li  _  8 

2.  Initial  pressure  .  .  — io  _ g 

After  900  c.cm.  of  air  .  —  2  —  0 

Two  days  later  .  .  7  5 


In  the  following  three  cases  there  was  much  adherent 
pleura  : — 


1.  Initial  pressure 
After  120  c.cm.  of  air 
Twenty-four  hours  later 

2.  Initial  pressure 
After  300  c.cm.  of  air 
Sixteen  hours  later  . 

3.  Initial  pressure 
After  500  c.cm.  of  air 
Twenty-four  hours  later 


-9-5 
-f- 10  + 14 
-4  +  1 

—  4  —  2 
+  1  +  5 
-2-0 
-5-2 

—  0  +  3 
-5-2 


It  sometimes  happens  that  after  a  refill  the  patient  com¬ 
plains  of  dyspnoea  and  tightness  of  the  chest  and  a  needle 
is  put  into  the  pleural  cavity  to  find  the  pressure  and,  if 
necessary,  to  remove  some  of  the  gas, 
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+  7  +11 

—  0  +  4 

—  6  - 


1.  Initial  pressure  before  the  fourth  refill  —3  —  9 

After  700  c.cm.  of  air  .  .  .  +3  +  1 

Three  hours  later  .  .  .  .  —  5  +  2 

2.  Initial  pressure  before  fifth  refill  .  —5  —  1 

After  700  c.cm.  of  air 
Four  hours  later 

3.  Pressure  before  initial  operation  .  —6  —  3 

After  350  c.cm.  of  air  .  —  4  —  1 

Sixteen  hours  later  .  .  —  6  —  4 

These  cases  do  not  show  any  evidence  of  a  temporary 
increase  in  the  volume  of  gas  after  a  refill. 

If  a  big  positive  pressure  is  reached  it  will  sometimes  be 
found  that  the  oscillations  recorded  by  the  manometer  are 
reversed — that  is,  a  higher  pressure  is  recorded  with  inspira¬ 
tion  than  with  expiration.  Bjure  (25)  describes  three 
cases  in  which  the  pressure  was  increased  during  inspiration, 
but  normal  fluctuations  were  recorded  when  the  patient  was 
told  to  use  costal  and  not  abdominal  respiration.  The 
reversed  fluctuations  in  such  cases  are  due  to  the  descent  of 
the  diaphragm  during  inspiration  on  the  healthy  side  and 
the  ascent  on  the  other  side,  and  this  can  well  be  demon¬ 
strated  by  X-rays. 

If  the  pneumothorax  needle  is  accidentally  put  into  the 
abdominal  cavity  the  readings  on  the  manometer  are 
reversed,  the  pressure  being  higher  during  inspiration. 

H.  de  Carle  Woodcock  (17),  at  a  post-mortem  examination, 
found  an  intrapleural  pressure  of  —1-5  in.  of  water.  Intes¬ 
tinal  pressure  was  +2,  but  after  freely  puncturing  the 
intestine  and  allowing  the  gas  to  escape,  the  intrapleural 
pressure  became  —3-5.  It  would  appear,  therefore,  that 
distension  of  the  bowels  had  some  effect  on  intrapleural 
pressure.  This  may  account  for  the  curious  changes  of 
pressure  very  occasionally  found  at  refills.  For  example, 
in  one  of  my  cases  the  patient  was  having  800  c.cm.  of  air 
every  three  weeks,  the  pressure  being  taken  from  about 
^3  —g  to  +6  +10,  At  the  fourteenth  refill  the  pressure 
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was  —  2  +4  and  500  c.cm.  raised  it  to  +  15  +17.  No 
liquid  was  seen  by  X-ray,  and  at  subsequent  refills  the 
patient  was  able  to  take  700  to  900  c.cm.  as  previously. 

It  must  be  remembered,  however,  that  such  changes  in 
pressure  are  almost  invariably  due  either  to  the  presence  of 
an  effusion  or  to  extension  of  adhesions  diminishing  the 
pneumothorax  space.  The  development  of  dry  pleurisy 
may  cause  a  high  intrapleural  pressure,  although  no  liquid 
forms.  Perforation  of  the  visceral  pleura  often  causes  a 
very  high  intrapleural  pressure.  In  one  of  my  cases  the 
pressure  after  perforation  was  +12  +29,  and  it  was  reduced 
to  —6  —1  by  removing  1,200  c.cm.  of  gas. 

It  has  been  stated  (2)  that  for  a  short  time  after  a  refill 
before  the  gases  in  the  pleural  cavity  are  balanced  by  inter¬ 
change  with  the  gases  comprising  alveolar  air,  the  actual 
volume  of  gas  in  the  pleural  cavity  is  increased.  This  would 
raise  the  intrapleural  pressure  and  be  one  explanation  of 
the  dyspnoea  not  infrequently  seen  some  three  or  four  hours 
after  a  refill.  It  is  not  my  experience,  however,  to  find  this 
rise  of  pressure. 

In  some  cases,  when  there  was  but  little  collapse  before  the 
refill,  or  more  especially  at  the  original  induction  of  pneu¬ 
mothorax,  the  visceral  pleura  is  pierced  and  a  little  air 
escapes  from  the  lungs  ;  this  may  continue  for  some  time 
after  the  refill  and  so  increase  the  quantity  of  gas  in  the 
pneumothorax  cavity  and  raise  the  pressure.  I  do  not 
think,  however,  that  this  is  of  common  occurrence,  for  any 
slight  puncture  of  the  lung  usually  closes  up  at  once. 

It  has  often  been  stated  that  alteration  of  the  intrapleural 
pressure  on  one  side  of  the  chest  affects  that  on  the  other, 
but  this  is  only  the  case  after  a  certain  quantity  of  gas  has 
been  introduced,  and  it  also  depends  largely  on  the  mobility 
of  the  mediastinum.  If  the  intrapleural  pressures  are 
taken  on  both  sides  of  the  chest  during  a  refill,  it  will  be 
found  that  on  the  treated  side  the  pressure  gets  higher  and 
higher  as  the  gas  enters  the  pleural  cavity,  but  that  it  does 
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not  alter  on  the  other  side  until  a  certain  amount  of  gas  has 
entered,  and  then  it  will  gradually  rise  as  more  air  is  intro¬ 
duced. 

In  one  case  of  left  artificial  pneumothorax  the  intrapleural 
pressures  were  as  follows  : — 


Amount  of  gas. 

0  . 

600  c.cm.  . 


800 


9  9 


Left  side.  Right  side. 

—  6—2  .  .  —  5  —3 

+  2+5  .  .  —5  —3 

+  6  +9  .  .  —5  —3 


In  another  case  of  right-sided  pneumothorax  the  following 
intrapleural  pressures  were  obtained  during  a  refill  : — - 


Amount  of  gas. 

0  . 


200  c.cm.  . 


300 


99 


Right  side. 
.  — 6  —  4 
.  +3  +  9 
.  +4  +12 


Left  side. 
—  8  —6 
—  8  —6 
—8  —6 


Another  factor  affecting  intrapleural  pressure  is  altitude, 
and  this  should  be  remembered  in  giving  refills  to  those 
about  to  go  to  Switzerland.  It  is  my  practice  to  give  no 
refill  to  a  patient  after  one  full  week  before  he  goes  to  the 
Alps  and  then  to  leave  an  intrapleural  pressure  considerably 
lower  than  normal.  I  have  known  patients  soon  after  a 
refill  arrive  at  an  altitude  of  some  5,000  ft.  with  great 
dyspnoea,  necessitating  removal  of  some  gas  from  the 
pneumothorax  cavity.  Dr.  Riviere  (13,  p.  103)  says  that  a 
rise  of  3,250  to  5,000  ft.  is  equivalent  in  a  full  pneumothorax 
of  3  or  4  litres  to  the  addition  of  400  to  800  c.cm.  of  gas.  It 
has  been  estimated  that  every  1,000  c.cm.  of  gas  in  the  chest 
increase  by  40  c.cm.  for  every  1,000  ft.  rise  of  altitude. 

Adhesions. — Collapse  therapy  is  possible  only  when  there 
is  a  free  pleural  space  and  much  the  most  common  cause  of 
failure  of  the  treatment  is  the  presence  of  too  much  adherent 
pleura  to  allow  an  efficient  pneumothorax  to  be  produced. 
Cases  in  which  adherent  pleura  interferes  with  the  treatment 
may  be  considered  under  three  headings. 
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1.  When  there  is  too  much  adherent  pleura  to  prevent  any 
collapse  of  lung  at  all  or  an  insufficient  collapse  to  be  of  any 
therapeutic  value. 

2.  When  there  is  some  adherent  pleura,  but  not  enough 
to  prevent  a  useful  degree  of  collapse.  In  these  cases  the 
value  of  the  pneumothorax  is  usually  impaired  to  a  varying 
extent,  but  there  is  sufficient  collapse  to  give  some  benefit, 
and  the  treatment  should  be  continued. 

3.  When  there  are  adhesions  rather  than  areas  of  adherent 
pleura  and  although  a  useful  collapse  cannot  be  obtained  at 
first,  it  is  thought  possible  to  stretch  or  cut  the  adhesions 
and  so  allow  the  treatment  to  be  given. 

It  is  important  to  distinguish  between  adherent  pleura  and 
a  pleural  adhesion,  the  one  may  be  compared  to  a  ship 
aground  and  the  other  to  a  ship  at  anchor.  In  the  one  case 
it  is  very  dangerous  to  try  to  separate  the  adherent  sur¬ 
faces,  for  the  lung  will  almost  certainly  be  torn,  in  the  other 
it  is  not  difficult  to  divide  the  adhesions. 

1.  When  there  is  too  much  adherent  pleura  to  allow  an 
efficient  collapse. 

One  should  never  assume  that  there  are  extensive  adhesions 
without  trying  to  collapse  the  lung.  I  have  succeeded  in 
obtaining  a  good  collapse  in  cases  with  much  displacement 
of  the  heart  and  trachea,  and  others  with  a  history  of 
repeated  pleurisy  or  pleural  effusion  or  other  conditions 
which  would  make  the  existence  of  extensive  pleural  adhe¬ 
sion  most  probable.  There  are  many  signs  which  make 
one  feel  confident  that  a  pneumothorax  will  be  impossible 
and  one  is  generally  right,  but  it  is  a  mistake  to  discard 
the  possibility  of  inducing  one  without  trying. 

Unless  there  are  any  special  reasons  for  not  doing  so  I 
make  the  first  attempt  in  the  mid-axillary  line  in  the  fifth 
or  sixth  intercostal  space  ;  failing  this  I  try  in  the  sixth 
space  in  the  posterior  axillary  line,  then  in  the  seventh  space 
just  internal  and  below  the  angle  of  the  scapula,  and  finally 
in  the  first  or  second  intercostal  spaces  in  the  mid-clavicular 
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line.  If  no  free  pleural  space  is  found  at  any  of  these  sites 
I  abandon  the  attempt. 

In  some  cases  only  a  small  pocket  is  found  and  I  think 
it  is  wrong  to  keep  on  refilling  it.  If  the  adhesions  are  firm 
it  is  useless  to  do  so,  if  they  are  not,  it  is  dangerous,  for  there 
is  always  a  chance  of  it  rupturing  into  the  lung,  of  surgical 
emphysema,  or  some  other  complication.  The  following 
cases  are  examples  of  such  extensive  adherent  pleura  that 
the  pneumothorax  treatment  should  be  abandoned. 

A.  Male  aged  thirty-six.  No  free  pleural  space  found  at 
the  first  attempt.  At  the  second  a  pocket  was  found  with 
the  pressure  — 4  — 0,  but  rising  to  +19  +28  after  150  c.cm.  of 
air  had  been  injected.  On  the  following  day  a  third  attempt 
was  made  in  a  different  place  and  failed,  but  at  the  fourth 
attempt  a  space  was  found  with  a  pressure  —6  —2,  but  it 
was  raised  to  +8  +12  by  100  c.cm.  of  air.  No  further 
attempts  were  made. 

B.  In  this  case  there  was  practically  no  collapse  and  no 
benefit  to  the  patient  after  ten  days,  so  the  treatment  was 
stopped.  The  pressures  were  as  follows  : — 


August  15  th 

.  —6  —8 

. .  800  . . 

0  +  2 

,,  16th 

.  —4  —8 

.  .  800 

+  6  +  8 

„  17th 

0  -1 

.  .  200 

+  10  +12 

„  19th 

.  —1  +1 

.  .  800 

+  12  +14 

,,  22nd 

0  +1 

.  .  800 

+  16  +20 

„  25th 

•  +1  +3 

. .  200  . . 

+  18  +20 

2.  When  the  adherent  pleura  is  not  sufficient  to  prevent 
a  useful  degree  of  collapse.  The  following  may  be  taken  as 
an  example  of  this  type  of  case. 

A  woman  aged  twenty-eight,  with  slight  pyrexia,  signs 
of  toxaemia  and  sputum  containing  tubercle  bacilli.  A 
pneumothorax  was  induced,  but  the  upper  third  of  the  lung 
was  found  to  be  adherent  and  collapse  of  the  base  alone  was 
possible.  The  temperature,  however,  subsided,  her  general 
condition  improved  and  the  quantity  of  sputum  lessened 

33—2 
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so  the  treatment  was  continued.  Gradually,  however,  the 
pleural  space  became  smaller  and  smaller,  so  that  less  gas 
could  be  given  at  each  refill  and  the  pressures  were  higher. 
The  treatment  was  kept  up  for  eight  months  and  had  to  be 
stopped  then  owing  to  complete  obliteration  of  the  pneu¬ 
mothorax  cavity.  She  had,  however,  gained  weight,  and 
lost  her  toxic  symptoms.  Four  years  later  she  was  keeping 
at  work  with  signs  of  fibrosis,  but  apparently  no  active 
disease.  In  this  case  the  pneumothorax  was  undoubtedly 
the  turning  point  in  the  patient’s  illness,  and  it  illustrates 
how  gradual  obliteration  of  the  pleural  cavity  sometimes 
gives  a  good  result. 

Sometimes,  however,  as  the  lung  is  drawn  out,  the  symp¬ 
toms  return  and,  in  this  case,  a  thoracoplasty  should  be  per¬ 
formed  if  the  condition  of  the  other  lung  permits.  In  order 
to  prevent  this  gradual  obliteration  of  the  pneumothorax 
cavity,  frequent  refills  have  been  given  in  the  endeavour 
to  keep  the  intrapleural  pressure  high.  It  has  already  been 
pointed  out  that  air  under  pressure  in  the  pleural  cavity 
is  quickly  absorbed  and  the  pressure  falls,  so  that  the  gradual 
obliteration  of  the  pleural  cavity  proceeds  in  spite  of  large 
frequent  refills.  It  has  been  suggested  that  the  obliteration 
may  be  delayed  by  injecting  liquid  into  the  pleural  cavity 
instead  of  air.  Some  liquids,  such  as  normal  saline,  are 
absorbed  too  quickly  for  this  purpose,  others  set  up  an 
inflammatory  reaction  in  the  pleura  which  tends  to  hasten, 
rather  than  slow,  the  process  of  obliteration.  The  liquid 
most  commonly  used  is  a  5  per  cent,  solution  of  gomenol 
in  olive  oil.  This  is  non-irritant  and  is  slowly  absorbed. 
The  quantity  given  must  depend  on  the  size  of  the  pneu¬ 
mothorax  cavity  and  other  factors,  but  it  will  be  found  that 
even  when  large  quantities  of  oil  are  injected  the  cavity  will 
not  be  filled  for  the  diaphragm  becomes  depressed  and  the 
mediastinum  bulges  to  the  other  side.  It  is  because  of  this 
displacement  that  oleothorax  is  not  usually  satisfactory, 
and  in  any  ease  where  it  is  employed  the  patient  must  be 
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watched  very  carefully  lest  the  formation  of  an  effusion 
occurs  and  causes  great  mediastinal  displacement.  I  saw  a 
patient  who  had  a  quantity  of  air  removed  from  his  pneu¬ 
mothorax  cavity  and  replaced  by  gomenol  in  order  that  the 
lung  might  remain  collapsed  during  a  three  weeks’  journey 
to  England.  On  arrival  there  was  extreme  dyspnoea  and 
the  mediastinum  was  so  much  displaced  that  the  heart’s 
beat  could  be  felt  in  the  right  axilla.  It  is  important  to 
remember  that  gomenol  should  not  be  given  to  avoid  the 
necessity  of  a  refill  unless  the  patient  is  under  constant 
medical  supervision. 

In  some  cases  the  mediastinum  cannot  be  displaced  as  it  is 
fixed  by  the  adherent  pleura  and,  if  this  is  so,  gomenol  may 
safely  be  left  in  the  pneumothorax  cavity  and  it  does 
undoubtedly  delay  the  process  of  obliteration.  In  my 
experience,  however,  there  is  little,  if  any,  advantage 
in  maintaining  a  small  pneumothorax.  If  the  symptoms 
do  not  return  as  the  lung  is  drawn  out,  a  good  result  with 
fibrosis  may  be  anticipated.  If,  on  the  other  hand,  the 
symptoms  do  return,  it  seems  to  me  safer  to  advise  thora¬ 
coplasty,  unless  the  condition  of  the  other  lung  is  too  bad, 
in  which  case  the  prognosis  is  grave  whatever  is  done. 

3.  When  the  lung  is  prevented  from  collapsing  by  adhe¬ 
sions  and  not  by  adherent  pleura.  If  sufficient  collapse  to 
relieve  the  symptoms  can  be  obtained  it  is  not  advisable 
to  divide  the  adhesions.  They  will  tend  to  stretch  under 
the  treatment  if  small  frequent  refills  are  given.  There  are 
dangers  in  giving  large  refills  and  making  a  high  intrapleural 
pressure,  and  it  is  not  necessary  to  do  so.  Even  if  the 
collapse  seems  sufficient  the  adhesions  should  be  stretched, 
because  results  in  a  case  of  partial  collapse  are  not  so  good 
as  those  when  the  lung  is  fully  collapsed  ;  moreover,  they 
may  lead  to  obliteration  of  the  pneumothorax  cavity. 

If  the  adhesions  prevent  an  efficient  collapse  or  hold  up 
some  part  (such  as  a  cavity)  which  it  is  desired  to  collapse, 
it  will  often  be  found  possible  to  stretch  them  by  giving 
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small  frequent  refills,  and  when  the  patient  is  at  rest  he 
should  lie  on  the  healthy  side  as  much  as  possible,  as  this 
will  produce  a  drag  on  the  adhesions.  In  my  opinion  these 
methods  of  stretching  them  should  be  given  a  good  trial 
before  resorting  to  surgical  means.  Open  operation  and 
division  of  the  adhesions  is  dangerous,  and  I  have  seen  two 
patients  who  died  shortly  after  such  an  operation,  one  from 
haemorrhage  and  the  other  from  shock.  If  the  adhesions 
are  to  be  divided  it  is  best  to  do  so  with  the  cautery  under 
direct  vision  through  the  thoracoscope.  This  method  was 
described  by  Jacobaeus  in  1913  (16).  After  the  exact 
position  of  the  adhesions  has  been  determined,  and  a  refill 
has  been  given  to  raise  the  intrapleural  pressure,  a  special 
trocar  and  cannula  are  inserted  into  the  pneumothorax 
cavity.  The  cannula  is  made  with  a  valve  so  that  on  with¬ 
drawing  the  trocar,  no  air  can  escape  from  the  pleural  cavity. 
After  withdrawing  the  trocar  a  thoracoscope  is  introduced 
through  the  cannula,  and  a  view  of  the  adhesions  can  then 
be  obtained.  When  the  adhesions  are  in  the  upper  part  of 
the  chest  I  insert  the  thoracoscope  high  up  in  the  back  be¬ 
tween  the  vertebral  column  and  the  upper  part  of  the  scapula, 
but  the  site  selected  will,  of  course,  depend  on  the  position 
of  the  adhesions.  On  examination  through  the  thoraco¬ 
scope  the  collapsed  border  of  the  lung  will  be  seen,  and  lead¬ 
ing  from  it  adhesions  pass  outwards  to  the  chest  wall. 
Some  of  these  are  string-like  and  can  easily  be  divided  with 
the  cautery,  others  are  thick  with  a  broad  attachment  to 
the  chest  wall,  contain  lung  tissue,  and  cannot  be  divided, 
others  again  appear  to  have  lung  tissue  in  them  as  they 
leave  the  border  of  the  lung,  but  not  at  their  attachment 
to  the  chest.  This  last  type  is  the  one  which  most 
frequently  holds  up  a  large  portion  of  the  lung  and  is, 
therefore,  the  one  in  which  it  is  especially  important  to 
beware  of  cutting  through  lung  tissue.  If  there  is  any  doubt 
as  to  whether  or  not  there  is  lung  tissue  in  an  adhesion,  no 
attempt  should  be  made  to  divide  it. 
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If,  however,  it  is  decided  to  cauterise  some  adhesions, 
another  cannula  should  be  inserted  through  the  anteiior 
axillary  line  (or  some  other  site  according  to  the  position  of 
the  adhesions)  and  through  this  a  cautery  is  introduced  into 
the  pneumothorax  cavity.  With  practice  it  is  not  difficult 
to  divide  the  adhesions  with  the  cautery  by  this  method, 
but  it  is  very  difficult  to  determine  whether  or  not  it  is  safe 

to  cauterise  any  given  adhesion. 

Jacobseus  (16)  describes  the  method  and  its  results. 
The  most  serious  complication  is  empyema,  which  usually 
results  from  injury  to  the  lung  and  opening  up  a  caseous 
focus.  Lung  tissue  may  be  found  in  an  adhesion  the  size 
of  a  pencil.  It  often  happens  that  there  are  several  small 
string-like  adhesions,  as  well  as  one  or  more  large  ones.  If 
the  large  ones  are  divided  and  the  lung  is  held  by  the  small 
ones,  they  may  stretch  or  snap.  During  cough  there  is  a 
great  chance  of  one  of  these  small  adhesions  breaking,  and 
if  the  tear  takes  place  at  its  junction  with  the  lung,  empyema 
may  follow.  It  is  therefore  important  first  to  divide  all  the 
small  adhesions  before  the  bigger  ones.  Hemorrhage  into 
the  pneumothorax  cavity  is  another  complication,  but  this 
can  largely  be  prevented  by  using  the  diathermic  cautery  to 
divide  the  adhesions.  Provided  proper  local  anesthesia  is 
used,  the  proceeding  is  painless,  and  it  is  safe  if  only  the  small 
string-like  adhesions  are  divided,  but  this  is  not  enough  to 
free  the  lung  in  most  cases,  and  it  is  when  the  larger  adhesions 
are  tackled  that  the  dangers  arise.  In  practice  I  have  found 
that  cauterisation  is  seldom  indicated,  but  there  are  a  few 
cases  where  very  good  clinical  results  follow  the  division 
of  the  adhesions. 

Dr.  B.  Hudson  (19)  reports  a  case  where  improvement 
followed  cauterisation  and  is  of  special  interest  because  the 
adhesions,  which  were  not  only  thick  but  vascular,  weie 
successfully  divided  by  the  diathermic  cautery  without  any 
bleeding.  Dr.  Hudson  says  that  in  this  case  the  adhesions 
not  only  prevented  a  successful  collapse  of  the  upper  part 


184  ARTIFICIAL  PNEUMOTHORAX 

of  the  lung,  but  were  a  positive  danger  owing  to  the  presence 
of  a  widely  open  thin-walled  cavity  with  which  they 
were  connected.  Maurer  (27)  enucleates  the  adhesion.  He 
cauterises  the  parietal  pleura  round  the  adhesion,  having 
irst  anaesthetised  it  with  a  solution  of  novocain  injected 
through  a  long  needle  under  vision  through  a  thoracoscope, 
thus  there  is  no  chance  of  injuring  lung  tissue,  and  by  this 
method  he  has  considerably  reduced  the  chance  of  empyema. 

nly  1  of  130  cases  tieated  by  him  developed  empyema,  and 
there  were  no  deaths  either  from  direct  or  indirect  causes. 
In  order  to  prevent  haemorrhage,  he  uses  diathermy  to  pro¬ 
duce  a  narrow  zone  of  coagulation  around  the  adhesion,  and 
le  then  cuts  through  this  zone  with  the  galvano-cautery. 
Chandler  (28)  describes  a  diathermy  machine  which  he  uses 
ln  severing  adhesions.  A  suitable  portion  of  the  adhesion  is 
coagulated  and  then  the  coagulated  portion  is  cut.  He  points 
out  the  necessity  of  localising  the  insertion  of  the  adhesion 
before  putting  in  the  thoracoscope.  This  he  does  by  watching 
the  adhesion  under  the  screen  ;  as  the  patient  is  rotated  the 
a  lesion  will  appear  to  become  longer  or  shorter,  according 
to  whether  it  is  inserted  in  front  of  or  behind  the  mid-axillary 
me.  Chandler’s  (29)  thoracoscope  is  very  excellent.  It  con¬ 
sists  of  a  combined  endoscope  and  cautery,  so  that  only  one 
puncture  is  necessary. 

Dangers  of  Inducing  Artificial  Pneumothorax. — Dr  Wood 
cock  (17)  wrote  in  1915  :  “  There  are  dangers  in  connection 
with  the  production  of  artificial  pneumothorax,  but  the 

greatest— and  about  this  let  there  be  no  mistake— is  the 
neglect  m  which  it  is  held.” 

To-day  collapse  therapy  is  far  more  widely  employed, 
and  its  value  is  increasingly  recognised,  but  still  there  are 
in  England  many  towns,  and  some  of  considerable  size 
where  nothing  is  known  about  it.  I  have  known  a  patient 
who  had  to  travel  over  sixty  miles  to  get  a  refill.  A  few 
years  ago  it  was  necessary  to  find  where  the  patient  lived 
and  whether  the  refills  could  be  continued  at  home  before 
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starting  to  collapse  the  lung,  and  even  now  it  is  sometimes 
difficult  to  arrange  for  a  patient’s  refills  after  he  has  left  the 
hospital  or  sanatorium. 

The  actual  dangers  of  inducing  a  pneumothorax  under 
proper  precautions  are  negligible,  but  unfortunately  two 
of  them,  namely,  gas  embolism  and  pleural  shock,  though 
both  extremely  rare,  are  very  serious  and  often  fatal. 

Gas  Embolism. — Air  may  enter  the  pulmonary  veins  and, 
if  some  bubbles  are  carried  to  the  coronary  vessels  causing 
embolism  of  the  capillaries,  sudden  death  may  occur.  Hemi¬ 
plegia  or  other  forms  of  paralysis  may  result  from  gas 
embolism  of  the  cerebral  vessels. 

In  one  case  the  patient  became  semi-conscious  for  a  few 
moments  and  afterwards  for  several  hours  had  partial 
hemianopia  and  hemiparesis. 

In  another  case,  during  induction  of  pneumothorax,  the 
needle  was  felt  to  pass  the  pleura,  but  no  manometer  move¬ 
ments  were  recorded.  Oxygen  was  introduced  and  the 
patient  at  once  complained  of  severe  prsecordial  pain  and 
numbness  of  one  arm.  Convulsive  movements  and  uncon¬ 
sciousness  followed  and  the  heart  and  respiration  stopped, 
Recovery  soon  occurred  after  artificial  respiration  and 
stimulants  had  been  applied,  but  there  was  facial  paralysis 
for  a  few  hours.  The  patient  was  well  the  next  day. 

In  another  case  the  patient,  a  woman  of  thirty-two,  had 
been  under  treatment  for  nearly  two  years,  and  the  pneu¬ 
mothorax  cavity  was  practically  obliterated.  The  needle 
was  pushed  into  the  lung,  for  she  afterwards  coughed  up  a 
little  blood  and  the  oscillations  of  the  manometer  just  above 
and  below  zero  were  characteristic  of  the  swing  when  the 
needle  is  in  a  cavity  or  lung  tissue.  At  the  time,  however, 
it  was  thought  that  the  needle  was  in  the  pneumothorax 
cavity  and  some  air  was  introduced  under  pressure  from  the 
apparatus.  After  about  200  c.cm.  had  been  given  she 
suddenly  became  faint,  complained  of  pins  and  needles  in 
the  legs  and  inability  to  breathe.  She  then  actually  lost 
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consciousness  for  a  few  moments,  but  was  quickly  restored 
by  stimulants.  On  recovery  she  complained  of  weakness 
and  a  feeling  of  numbness  in  the  right  leg,  but  she  had  quite 
recovered  by  the  next  morning. 

It  is  often  difficult  to  distinguish  this  condition  from 
pleural  shock,  and  it  has  been  suggested  that  the  great 
majority  of  cases  described  as  shock  are,  in  reality,  due  to 
embolism,  but  with  modern  methods,  gas  embolism  is  very 
unlikely.  Before  the  manometer  was  used  in  pneumothorax 
work,  the  needle  was  gently  pushed  into  the  chest  until 
gas  flowed  from  the  apparatus,  when  it  was  assumed  that  the 
needle  was  in  the  pleural  cavity.  It  was  occasionally  in 
lung  tissue  or  a  blood  vessel,  however,  and  if  the  gas  entered 
the  pulmonary  veins  embolism  was  liable  to  occur.  By 
using  a  manometer  and  not  allowing  any  gas  to  flow  under 
pressure  until  it  is  certain  that  the  needle  is  in  the  pleural 
cavity,  gas  embolism  can  usually  be  prevented,  and,  indeed, 
it  has  been  truly  said  to  belong  to  the  historical  period  of 
pneumothorax  therapy. 

Stivelman  (18)  found  no  case  of  gas  embolism  amongst 
867  cases  treated  by  nineteen  American  doctors. 

It  has  been  suggested  that  air  may  enter  the  pulmonary 
veins  from  the  alveoli  when  they  are  punctured.  In  cases 
of  chronic  pulmonary  tuberculosis  there  is  free  anastomosis 
between  the  bronchial  (systemic)  and  pulmonary  veins, 
so  that  gas  entering  any  intrathoracic  vessels  may  find  its 
way  to  the  systemic  capillaries.  This  is  not  likely,  however, 
or  must  be  extremely  rare  as  most  gas  which  got  into  the 
systemic  veins  would  pass  through  the  right  side  of  the  heart 
or  be  blocked  by  the  pulmonary  capillaries.  It  is,  therefore, 
only  the  pulmonary  veins  that  are  important  in  the  matter 
of  embolism.  These  contain  arterial  blood,  so  that  it  is  not 
necessary  to  use  oxygen  when  inducing  a  pneumothorax 
in  the  belief  that  it  will  be  more  readily  absorbed  by  the 
blood  and  so  less  likely  to  produce  gas  embolism.  The  use 
of  carbon  dioxide  has  also  been  advocated  at  the  initial 
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induction  of  pneumothorax  because  it  is  quickly  absorbed 
by  the  plasma,  but  it  is  doubtful  whether  this  makes  any 
practical  difference  and  accident  should  be  prevented  by 
correct  technique.  If  the  needle  does  enter  a  big  vessel 
blood  is  forced  up  the  tubing  and  can  be  seen  at  the  glass 
window.  Any  blood  entering  the  needle  quickly  clots  and 
blocks  the  needle.  When  the  pleura  is  adherent  the  needle 
is  often  pushed,  and  sometimes  deeply,  into  lung  tissue, 
but  no  gas  can  enter  the  circulation  unless  it  is  under  pres¬ 
sure.  In  order  to  prevent  gas  embolism,  the  following 
precautions  should  be  taken  : — 

1.  Allow  the  gas  to  be  sucked  in  very  cautiously  and  use 
no  pressure  until  the  movements  of  the  manometer  make  it 
certain  that  the  needle  is  in  the  pleural  cavity.  For  this 
purpose,  if  Lillington  and  Pearson’s  apparatus  is  used,  the 
level  of  water  in  the  two  bottles  should  be  equal  when  start¬ 
ing  an  initial  refill. 

2.  The  needle  and  tubing  should  at  first  be  connected  only 
with  the  manometer,  being  clipped  off  from  the  gas  chamber. 

3.  Use  a  large  and  blunt-tipped  needle  for  the  initial 
induction  of  pneumothorax. 

4.  Coughing  or  deep  breathing  should  be  prevented,  at 
least  until  the  needle  is  in  the  pleural  cavity  and  the  gas 
flowing  freely. 

Pleural  Shock. — This  rare  accident  may  occur  when  the 
pleura  is  punctured  or  irritated  or  even  when  the  pleural 
cavity  is  being  washed  out.  I  have  known  a  case  where  the 
patient  suddenly  died  when  the  chest  was  punctured  for 
the  purpose  of  aspirating  a  pleural  effusion,  and  another 
where  sudden  death  occurred  whilst  B.I.P.  was  being  intro¬ 
duced  into  an  empyema  sinus.  With  animals  it  has  been 
found  that  shock  can  be  produced  by  irritation  of  the  pleura 
and  probably  occurs  through  the  vagus.  It  can  be  prevented 
by  ligaturing  the  carotids,  or  by  keeping  the  animal  under 
an  anaesthetic.  Some  have  denied  the  existence  of  pleural 
shock,  claiming  that  the  symptoms  are  due  to  embolism, 
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and  there  is  no  doubt  that  the  symptoms  are  very  similar 
m  the  two  conditions.  But  apart  from  all  other  reasons, 
the  fact  that  shock  is  liable  to  occur  in  the  same  individual, 
whenever  the  pleura  is  punctured,  must  exclude  gas  embolism 
as  the  cause  of  all  cases. 

The  symptoms  vary  from  a  mere  faintness  to  actual  death 
and  usually  occur  as  the  needle  is  entering  or  leaving  the 
pleural  cavity,  but  they  may  come  on  during  a  refill  or  even 
some  minutes  after  it  is  finished.  It  is  said  to  be  more  com¬ 
mon  in  the  early  stages  of  disease,  when  the  pleura  is  healthy, 
than  in  cases  of  advanced  tuberculosis,  and  this  is  one  reason 
why  Dr.  Riviere  (13,  p.  19)  does  not  advocate  artificial 
pneumothorax  in  the  treatment  of  early  pulmonary  tuber¬ 
culosis.  Pleural  shock  is  rare,  and  it  is  not  easy  to  determine 
whether  or  not  it  is  less  unlikely  to  occur  in  cases  where  there 
is  healthy  pleura,  but  it  certainly  may  occur  when  the 
pleura  is  considerably  involved,  even  in  cases  of  chronic 

empyema  sinus.  The  following  cases  are  examples  of 
pleural  shock  : — 

1.  Stivelman  (18)  describes  the  case  of  a  patient  with 
pulmonary  tuberculosis  who  had  a  fibroma  removed  from 
his  arm  under  cocaine  and  adrenalin  on  February  1st,  and 
there  was  no  ill  effect.  On  February  20th  an  attempt  was 
made  to  induce  an  artificial  pneumothorax  and  after  giving 
an  injection  of  morphia,  J  gr.,  the  pleura  was  anaesthetised 
with  1-5  c.cm.  of  a  0-75  per  cent,  solution  of  pocaine  and 
adrenalin  1  in  8,000,  but  before  the  hypodermic  needle  was 
withdrawn  the  patient  collapsed,  the  pulse  was  only  just 
perceptible,  there  was  stertorous  breathing  and  the  patient 
became  livid.  Stimulants  were  given  and  he  recovered 
after  an  hour  and  a  half.  Two  days  later  he  had  a  similar, 
but  worse  attack,  whilst  the  pleura  was  being  anaesthetised, 
and  sent  completely  blind  for  four  hours.  Photophobia 
lasted  twenty-four  hours,  but  he  was  quite  well  in  two  days’ 
time. 

2.  In  one  of  my  cases  (4,  p.  32)  the  patient,  a  man  of 
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thirty-eight,  was  very  ill  with  tuberculosis  which  had 
followed  pleurisy.  The  whole  of  the  left  lung  was  involved. 
He  was  given  an  injection  of  morphia,  J  gr.  half  an  hour 
before  the  operation.  The  track  of  the  needle  and  the 
pleura  were  anaesthetised  with  a  2  per  cent,  solution  of  novo¬ 
cain,  and  an  attempt  was  made  to  induce  a  pneumothorax 
from  the  left  axilla,  but  it  failed.  A  second  attempt  was 
made  at  the  back  after  anaesthetising  the  pleura  as  before, 
but  again  the  pleural  cavity  could  not  be  found.  I  was  just 
about  to  withdraw  the  needle  when  the  patient  suddenly 
said  he  could  not  breathe.  There  was  no  movement  of 
the  manometer  as  would  have  occurred  had  air  been  sucked 
into  the  blood  stream,  for  the  tube  leading  to  the  air  chamber 
of  the  apparatus  was  clipped  and  the  only  air  which  could 
have  been  sucked  in  was  that  contained  in  the  tube  between 
the  needle  and  the  manometer.  I  withdrew  the  needle  at 
once  and  the  patient  sat  up,  gave  a  few  gasps  and  died. 
There  was  no  post-mortem  examination. 

3.  In  another  of  my  cases,  a  woman  of  twenty-eight, 
pleural  shock  occurred,  but  not  the  first  time  the  pleura  was 
punctured,  and,  indeed,  in  this  case  the  pleura  seemed  to 
become  more  sensitive  as  treatment  progressed.  During 
the  third  refill  she  complained  of  a  sudden  feeling  of  giddiness. 
After  the  needle  had  been  removed  following  the  fourth  refill 
she  had  a  sudden  pain  over  the  heart,  could  not  breathe  and 
lost  consciousness  for  about  two  minutes.  During  the 
fifth  refill,  when  about  150  c.cm.  of  air  had  been  given,  she 
suddenly  gasped,  became  blue  and  almost  pulseless.  The 
needle  was  withdrawn  and  stimulants  administered  and  she 
recovered  without  having  actually  lost  consciousness.  After 
this  treatment  was  discontinued. 

It  is  doubtful  whether  anything  practical  can  be  done  to 
prevent  pleural  shock.  It  is  said  not  to  occur  in  animals 
under  a  general  anaesthetic,  but  the  danger  of  complications 
from  an  anaesthetic  is  obviously  greater  than  the  risk  of 
pleural  shock.  A  preliminary  injection  of  morphia  had  been 
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given  in  the  only  fatal  case  in  my  series  and  also  in  several 
of  the  other  published  cases.  I  always  use  novocain  to 
anaesthetise  the  pleura  as  well  as  the  skin,  so  that  the  punc¬ 
ture  is  absolutely  painless,  but  in  spite  of  this,  shock  has 
occasionally  occurred  in  some  of  my  cases,  and  Stivelman  (18) 
found  pleural  shock  equally  frequent  whether  a  local  anaes¬ 
thetic  had  been  used  or  not  in  a  series  of  867  patients  treated 
by  nineteen  American  doctors.  A  series  of  cases  treated 
with  certain  technique  and  without  pleural  shock  does  not 
indicate  that  shock  can  be  prevented  by  following  that 
method,  for  it  is  extremely  rare  whatever  technique  is  used. 

Puncture  of  Lung. — If  the  visceral  and  parietal  pleura  are 
adherent  it  often  happens  that  the  needle  passes  straight 
through  into  the  lung.  In  this  case  a  negative  pressure  may 
be  registered  on  the  manometer,  but  the  oscillations  are 
just  above  and  below  zero,  so  that  the  mean  pressure  is 
0.  The  needle  usually  becomes  blocked  with  clotted  blood. 
A  little  blood-stained  sputum  may  follow  this  accident,  but 
there  are  no  other  ill  effects. 

If  the  pleura  is  not  adherent,  it  is  usually  possible  to  avoid 
piercing  the  visceral  pleura  by  being  very  gentle  and  using 
a  blunt  Riviere  needle  for  the  initial  operation.  In  some 
cases  when  the  lung  is  punctured  air  may  escape  and  lead 
to  an  increased  pneumothorax  cavity,  and  possibly  a  higher 
intrathoracic  pressure  and  dyspnoea  some  hours  after  the 
needle  has  been  withdrawn.  Usually,  however,  a  small 
puncture  quickly  closes  and  no  air  escapes  from  the  lung. 

Punctures  of  a  Large  Vessel  or  of  the  Heart.— Vere  Pear¬ 
son  (9)  describes  a  case  in  which  the  needle  entered  the  peri¬ 
cardium.  The  manometer  showed  negative  oscillations 
synchronous  with  the  heart.  There  were  no  ill  effects. 

Minor  (8)  was  inducing  a  pneumothorax  in  a  young  woman 
with  an  old  fibroid  lesion.  Suddenly  she  gasped  and  turned 
pale  and  blood  rushed  up  the  tubing  as  far  as  the  gas  chamber. 
The  needle  was  at  once  withdrawn  and  there  were  no  ill  effects. 

In  one  of  my  patients  pneumothorax  treatment  had  been 
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stopped  two  years  previously,  but  symptoms  had  returned 
and  I  was  trying  to  re-collapse  the  lung.  Suddenly  the 
manometer  registered  a  positive  pressure  which  gradually 
increased  and  blood  began  to  flow  up  the  tubing  and  was 
visible  at  the  glass  window  beyond  the  needle. 

In  two  other  cases  a  similar  occurrence  took  place,  but 
in  none  of  these  was  there  any  pain  or  discomfort  at  the  time, 
or  any  subsequent  ill  effect. 

Surgical  Emphysema. — Superficial  emphysema  is  not 
uncommon,  especially  if  there  is  a  high  intrapleural  pressure, 
or  if  the  patient  coughs  during  the  refill.  It  is,  however, 
quite  a  painless  and  harmless  complication  and  quickly 
clears  up.  Deep  emphysema  is  caused  by  the  air  entering 
a  false  passage  between  the  pleural  layers.  It  travels  to 
the  neck  along  the  trachea  and  oesophagus,  and  is  accom¬ 
panied  by  pain  and  severe  dyspnoea.  There  may  also  be 
difficulty  in  swallowing  and  a  sensation  of  choking.  In 
three  cases  in  my  series  the  emphysema  was  severe,  but 
eventually  subsided  without  leaving  any  harmful  after 
effect.  In  one  patient  two  attempts  to  induce  an  artificial 
pneumothorax  had  failed  owing  to  adherent  pleura,  and 
twenty-four  hours  after  the  attempt  the  patient  complained 
of  pain  across  the  chest,  and  some  surgical  emphysema  was 
found  in  the  chest  and  neck.  Two  days  later  it  had  spread 
all  over  the  chest  and  abdomen.  Both  arms  and  hands 
became  affected  and  emphysema  could  be  felt  at  the  very 
tips  of  the  fingers.  The  neck,  face  and  scalp  became  enor¬ 
mously  swollen,  and  he  could  hardly  see  out  of  his  eyes. 
The  whole  body  was  distended  with  surgical  emphysema, 
from  the  top  of  the  head  to  Poupart’s  ligaments,  but  below 
this  there  was  no  emphysema  at  all.  The  patient  looked 
most  uncomfortable,  and  his  appearance  was  alarming,  but 
except  for  a  slight  choking  feeling  he  complained  of  no  dis¬ 
comfort.  There  was  no  pain  or  pyrexia,  and  the  emphysema, 
which  began  to  subside  after  the  third  day,  had  completely 
disappeared  in  a  week. 
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Pain. — The  treatment  itself  should  be  quite  painless  if  the 
skin  and  parietal  pleura  are  properly  anaesthetised.  Even 
when  inserting  the  large  cannula  for  a  thoracoscope  there 
should  be  no  pain.  Patients  are  usually  apprehensive  at 
first,  but  on  finding  that  they  feel  nothing,  do  not  dread  the 
subsequent  refills.  Some  patients  are  much  more  sensitive 
than  others,  and  in  two  cases  I  have  had  to  stop  the  treatment 
as  the  patient  could  not  endure  the  refills.  One,  a  man  of 
forty,  described  the  procedure  as  agony ;  he  clenched  his 
fists  during  a  refill  and  beads  of  perspiration  came  on 
his  forehead  although  he  was  always  given  a  preliminary 
injection  of  morphia.  Of  course,  if  the  local  anaesthetic 
is  not  given  properly  or  if  the  needle  is  inserted  diagonally 
so  that  it  pierces  a  portion  of  the  pleura  which  has  not  been 
anaesthetised  there  will  be  pain,  but  some  few  patients 
complain  of  pain  and  undoubtedly  feel  it  at  every  refill,  to 
which  they  never  become  accustomed.  In  many  cases  there 
is  a  large  nervous  element ;  in  one  case  I  had  removed  the 
needle  after  a  refill  and  was  holding  a  pad  of  wool  over  the 
site  of  puncture,  as  there  was  a  little  bleeding.  The  patient 
said  the  pain  was  so  severe  he  could  not  bear  it  any  more, 
and  could  I  stop  the  refill.  I  said,  44  Certainly,  I  have  just 
finished,”  and,  pinching  the  skin,  removed  the  pad  as  it 
taking  out  the  needle.  I  then  held  another  pad  over  the 
chest,  but  told  him  it  was  only  wool,  and  that  the  needle 
was  out.  He  said  the  pain  had  gone.  In  this  case  he 
could  not  feel  the  needle  being  withdrawn,  he  did  not  even 
know  whether  or  not  it  was  in  the  chest,  yet  he  had  a  feeling 
of  pain  amounting  to  what  he  called  agony  as  long  as  he 
thought  it  was  in  the  chest.  Whether  genuine  or  imaginary, 
pain  does  sometimes  occur  to  such  an  extent  that  the  treat¬ 
ment  cannot  be  continued,  though  in  most  cases  if  a  refill  is 
given  gently  and  quickly  and  the  track  of  the  needle  is 
thoroughly  anaesthetised  there  is  no  pain  at  all. 

Pain  after  a  refill  may  occur,  and  it  varies  from  a  mere 
feeling  of  pressure  to  an  acute  pain.  A  really  acute  pain  is 
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usually  due  to  rupture  or  tearing  of  some  pleural  adhesion, 
and  a  sharp  pain  on  cough  may  be  due  to  stretching  of 
adhesions.  A  feeling  of  pressure  or  discomfort  is  often 
due  to  an  excess  of  air  in  the  pneumothorax  cavity,  and  is 
generally  the  result  of  giving  too  big  a  refill.  Sometimes, 
however,  extra  air  gets  into  the  pneumothorax  cavity  from 
the  lung  which  has  been  accidentally  punctured  during  the 
refill,  or  according  to  Rist  and  Strohl  (2)  there  may  be  a 
temporary  increase  of  gas  in  the  pleural  cavity  before  the 
balance  is  established  between  the  alveolar  air  and  the  gas 
introduced. 

One  may  recognise  three  types  of  pain  following  artificial 
pneumothorax  refills  : — 

1.  The  patient  first  complains  of  tightness  in  the  chest  but 
not  actual  pain  which  lasts  for  a  few  hours  after  a  refill.  It 
occurs  only  in  patients  with  adhesions  and  a  high  intrapleural 
pressure,  and  it  wears  off  as  the  pressure  falls. 

2.  A  pain  which  comes  on  some  hours  after  the  refill  and 
is  increased  by  cough  or  deep  inspiration.  This  is  often 
referred  to  the  shoulders  and  usually  to  where  X-ray  shows 
the  presence  of  adhesions. 

3.  The  sudden  snapping  of  an  adhesion.  This  may  occur 
for  no  apparent  reason,  or  with  cough  or  during  a  refill.  In 
one  of  my  cases  the  patient  was  a  man  who  had  been  under 
treatment  for  eight  months.  He  was  doing  very  well, 
was  not  at  all  nervous  and  had  never  complained  of  pain 
before,  but  during  one  refill,  after  about  500  c.cm.  of  air 
had  been  given  he  suddenly  complained  of  a  sharp  pain  in 
the  chest  as  if  something  had  torn.  It  lasted  a  few  seconds 
only  and  I  was  able  to  finish  the  refill.  It  had  no  effect  on 
the  intrapleural  pressure.  The  patient  compared  the  pain 
to  that  felt  when  the  dentist  touches  a  nerve.  It  did  not 
recur  at  any  subsequent  refill  and  was  possibly  due  to  the 
rupture  of  some  small  adhesion. 

In  several  cases  in  my  series  the  patients  felt  something 
give  inside  them,  but  there  was  no  actual  pain.  Indeed. 
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in  one  of  these  cases  the  patient  had  a  feeling  of  tightness 
and  pa^n  which  was  relieved  at  once  after  the  sensation  of 
something  giving  way  in  her  chest. 

A  sudden  pain  accompanied  by  dyspnoea  may  result 
from  ruptured  lung,  that  is  the  occurrence  of  spontaneous 
pneumothorax  in  an  artificial  one.  Dyspnoea  is  usually 
the  chief  symptom,  and  there  may  be  no  pain,  but  in  some 
cases  the  pain  is  so  severe  that  it  simulates  a  perforated 
gastric  ulcer. 

Pain  occurring  before  a  refill  is  usually  due  to  pleurisy, 
the  expansion  of  the  lung  allowing  the  visceral  and  parietal 
pleura  to  come  into  contact.  It  should  be  taken  as  a  warning 
and  refills  given  at  shorter  intervals  or  adherent  pleura  will 
probably  result. 

Lastly,  pain  may  rarely  be  due  to  deep  emphysema  and 
is  then  felt  under  the  sternum  and  in  the  throat.  It  comes 
on  a  few  hours  after  the  refill  and  is  accompanied  by  a  sensa¬ 
tion  of  choking  and  severe  dyspnoea.  It  is  very  unusual, 
however,  for  actual  pain  to  occur  in  cases  of  surgical  emphy¬ 
sema. 

Dyspncea. — Shortness  of  breath  occurring  during  pneumo¬ 
thorax  treatment  may  be  due  to  over-collapse  of  the  lung. 
In  cases  where  one  lung  is  much  diseased  or  collapsed,  a 
pneumothorax  on  the  other  side  may  lead  to  severe  dyspnoea. 
It  is  surprising,  however,  how  much  collapse  in  both  lungs 
may  occur  with  little  or  no  dyspnoea,  though  it  is  obvious 
that  the  degree  of  collapse  which  can  be  obtained  in  one  lung 
must  depend  on  the  amount  of  functioning  lung  on  the  other 
side.  If  a  large  pneumothorax  is  produced  so  that  the 
mediastinum  is  much  displaced  there  may  be  great  shortness 
of  breath,  even  if  the  other  lung  is  healthy. 

Dyspnoea  may  also  occur  when  the  intrapleural  pressure 
is  too  low.  It  may  be  very  severe  after  or  during  aspiration 
of  pleural  effusion  or  when  air  is  removed  from  the  pneumo¬ 
thorax  cavity.  Sometimes  when  the  lung  is  re-expanding 
dyspnoea  occurs  and  is  relieved  by  giving  a  refill. 


COMPLICATIONS 


195 


Sometimes  dyspnoea  occurs  about  three  hours  after  a 
refill,  and  it  has  been  suggested  that  this  is  due  to  an  increase 
in  the  size  of  the  pneumothorax  owing  to  interchange  between 
the  alveolar  air  and  the  gas  in  the  pleural  cavity.  It  is 
doubtful,  however,  whether  there  really  is  any  temporary 
increase  in  the  quantity  of  gas,  and  if  it  does  occur  on  some 
occasions  it  is  more  probably  due  to  accidental  pricking 
of  the  visceral  pleura  and  escape  of  alveolar  air.  This  type 
of  dyspnoea  is  largely  nervous  in  most  cases,  it  starts  as  a 
little  shortness  of  breath  which  alarms  the  patient  and  makes 
him  more  conscious  of  it  until  sometimes  he  is  worked  up 
into  a  state  when  he  is  gasping  for  breath.  Reassurance  or 
any  medicine  given  for  its  mental  effect  will  usually  relieve 
the  symptoms  at  once,  though  occasionally  it  is  necessary 
to  give  an  injection  of  morphia. 

Displacement  of  the  Mediastinum. — In  most  cases  of 
pneumothorax  the  mediastinum  is  slightly  bow-shaped,  the 
concavity  being  towards  the  pneumothorax.  Sometimes, 
however,  it  is  resistant  and  firmly  held  in  position,  so  that 
there  is  no  displacement,  even  with  high  intrapleural  pres¬ 
sures  and  complete  collapse  of  the  lung.  In  other  cases 
it  is  extremely  mobile  and  is  displaced  even  when  the  intra¬ 
pleural  pressure  is  negative.  In  such  a  case  it  may  be 
necessary  to  discontinue  the  treatment  if  it  is  impossible 
to  get  a  sufficient  collapse  of  lung. 

In  most  cases  the  optimum  degree  of  collapse  can  be 
reached  without  undue  displacement  of  the  mediastinum, 
but  even  when  there  is  some  displacement  I  ignore  it  unless 
symptoms  are  produced.  I  have  frequently  seen  patients 
steadily  improve  when  the  lung  is  fully  collapsed,  in  spite 
of  considerable  bulging  of  the  mediastinum.  It  is  not  neces¬ 
sary  to  interrupt  the  treatment  simply  because  of  a  weak 
mediastinum.  Generally,  however,  symptoms  occur  and 
the  pressures  have  to  be  reduced.  A  common  symptom 
is  loss  of  weight  as  illustrated  in  the  following  two 
cases  : — 
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1.  A  girl  of  seventeen  was  admitted  to  hospital  with 
infiltration  of  the  upper  third  of  the  left  lung.  Before 
artificial  pneumothorax  was  induced,  even  whilst  she  was 
being  treated  with  absolute  rest  in  bed,  the  evening 
temperature  was  99-6°  to  100*5°  F.  A  left  artificial 
pneumothorax  was  induced  on  July  18th,  1921,  and 
the  following  table  shows  the  changes  in  the  patient’s 


weight  : — 
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On  October  20th  X-ray  showed  good  collapse  of  the  left 
lung  with  slight  displacement  of  the  mediastinum  to  the 
right.  The  patient  was  up  for  six  hours  a  day  and  had  a 
normal  pulse  and  temperature.  The  weight  continued  to 
drop,  however,  and  in  November  the  patient  was  put  back 
to  bed.  This  stayed  the  loss  of  weight  for  a  time,  but  in 
January  it  began  to  fall  again.  At  this  time  X-ray  showed 
considerable  displacement  of  the  heart  and  mediastinum 
to  the  right,  with  bulging  of  the  upper  part  of  the  medias¬ 
tinum.  No  refill  was  given  from  December  30th  until 
February  10th,  when  the  mediastinum  had  come  back 
towards  its  normal  position.  Refills  were  then  given  very 
carefully  to  prevent  displacement  of  the  mediastinum,  and 
the  patient  began  to  gain  weight. 

2.  Female  aged  twenty-one,  with  infiltration  of  the 
left  apex.  A  right-sided  pneumothorax  was  induced  on 
October  27th,  1921,  and  the  patient’s  weight  varied  as 
follows  : — 
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There  was  the  initial  gain  in  weight  which  usually  follows 
hospital  feeding  and  rest,  but  this  gave  way  to  a  steady  loss. 
On  January  30th  the  mediastinum  was  much  displaced 
and  bulging  to  the  left  in  the  upper  part,  forming  a  pleural 
hernia.  By  lengthening  the  intervals  between  the  refills 
and  regulating  the  quantity  of  gas  given  (at  the  same  time 
taking  care  that  the  lung  did  not  re-expand  and  produce 
adherence  of  the  two  layers  of  pleura)  the  mediastinum 
returned  to  the  normal  position  and  the  loss  in  weight  at 
once  stopped. 

Dr.  Riviere  (13,  p.  155)  points  out  that  although  with 
left-sided  pneumothorax  a  considerable  degree  of  mediastinal 
displacement  may  occur  with  very  few  symptoms,  and  often 
the  intrapleural  pressure  remains  low  and  may  even  be 
negative,  this  is  not  the  case  with  right-sided  pneumothorax. 
Here  severe  dyspnoea  is  common.  He  suggested  that  the 
mediastinum  should  never  be  displaced  beyond  carrying 
the  deep  cardiac  dullness  to  the  right  nipple  line  in  a  left¬ 
sided  pneumothorax,  or  to  the  left  anterior  axillary  line 
in  a  right-sided  pneumothorax,  however  low  the  intrapleural 
pressure  may  be. 

Pleural  Hernia. — Occasionally  the  pleura  forms  a  hernia 
which  protrudes  through  the  mediastinum  to  the  other 
side,  or  between  the  ribs  forming  a  superficial  tumour. 

The  common  sites  for  bulging  beyond  the  mediastinum 
are  in  the  anterior  mediastinum  between  the  second  and 
fourth  sterno-costal  articulations  and  in  the  lower  part  of 
the  posterior  mediastinum.  These  hernise  can  be  diagnosed 
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only  by  X-ray,  and  cause  no  symptoms  as  a  rule.  In  one 
case  I  saw  a  pleural  hernia  in  the  fourth  left  intercostal 
space  in  the  mid-axillary  line.  When  the  patient  coughed 
there  was  a  swelling  about  the  size  of  a  hen’s  egg  in  this 
situation.  It  could  easily  be  reduced  and  the  air  could  be 
heard  and  felt  re-entering  the  pleural  cavity. 

Febrile  Reaction. — Formerly,  when  more  gas  was  given  at 
the  initial  induction  of  pneumothorax,  reactions  were  com¬ 
mon,  but  now  it  is  rare  to  obtain  even  a  mild  one.  At 
the  same  time,  symptoms  of  toxaemia  often  disappear  very 
quickly  after  a  severe  reaction,  whereas,  now  that  the  lung 


Fig.  17. — A.  Initial  operation,  400  c.cm. ;  B.  1st  refill,  550  c.cm.  ;  C. 
2nd  refill,  600  c.cm.  ;  D.  3rd  refill,  600  c.cm.  ;  E.  4th  refill,  700  c.cm. 


is  collapsed  more  gradually  by  small  frequent  refills,  it 
takes  longer  for  the  temperature  to  fall  and  the  symptoms 
to  subside.  The  effect  of  reaction  is  discussed  in  Chapter 
VIII.  under  Shock  Therapy. 

Most  authors  think  that  reactions  should  be  avoided,  and 
prefer  the  gradual  collapse  of  lung,  and  I  agree  that  this  is 
generally  the  best  procedure.  It  is  a  mistake,  however,  to 
be  bound  by  any  hard  and  fast  rule,  and  if  the  patient  fails 
to  improve  with  small  refills,  large  ones  should  be  tried  and 
will  often  do  good  in  spite  of  reactions.  Fig.  17  shows  a 
series  of  reactions  after  refills  of  moderate  amount,  and 
it  will  be  noticed  that  the  temperature  soon  became 
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level  (4,  p.  45).  The  patient  now  (November,  1930)  is  well 
and  at  work. 

Infection  of  the  Track  of  the  Needle— Ordinary  pyogenic 
infection  does  not  occur  if  aseptic  precautions  are  taken, 
but  a  fistula  may  follow  aspiration  of  a  tuberculous  empyema. 
Sometimes  this  will  heal  quickly  with  a  little  ultra-violet 
ray  treatment,  but  often  it  persists  and  adds  considerably 
to  the  gravity  of  the  prognosis. 

Perforation  of  the  Visceral  Pleura.— It  sometimes  happens 
that  a  rupture  of  the  visceral  pleura  occurs  and  converts 
the  artificial  pneumothorax  into  a  spontaneous  one.  This 
is  a  very  serious  complication,  and  usually  leads  to  a  fatal 
pyopneumothorax.  The  symptoms  are  sudden  pain  in  the 
chest  accompanied  by  a  rise  in  temperature  which  becomes 
hectic.  The  patient  is  acutely  ill,  an  effusion  soon  forms 
and  becomes  purulent.  The  intrapleural  pressure  may  be 
much  increased  if  the  perforation  is  valvular,  and  the  patient 
will  be  very  dyspnoeic  until  some  gas  is  removed.  Breath 
sounds  over  the  pneumothorax  cavity  are  amphoric,  metal¬ 
lic  tinkling  is  heard,  and  there  is  usually  much  displacement 
of  the  mediastinum.  Perforation  of  the  lung  which  occa¬ 
sionally  occurs  during  a  refill  very  rarely  leads  to  any  serious 
consequences,  for  the  small  puncture  usually  closes  up  at 
once.  The  serious  rupture  is  most  common  where  an  adhe¬ 
sion  joins  the  visceral  pleura  and  a  tear  results  from  the 
sudden  increase  of  intrapleural  pressure  during  cough. 
Occasionally  a  thin-walled  cavity  or  an  area  of  caseating 
lung  may  rupture,  and  it  is  not  uncommon  for  a  pyopneu¬ 
mothorax  to  rupture  through  the  visceral  pleura  and  leave  a 
gaping  communication  between  the  lung  and  pleural  cavity. 

Dr.  Hutchinson  (22)  describes  a  series  of  cases  which  he 
believes  to  be  due  to  a  slight  rupture  of  lung  producing  an 
effusion,  but  soon  healing.  He  points  out  that  an  effusion 
is  often  preceded  by  a  sudden  rise  of  temperature  which 
gradually  falls  and  is  very  similar  in  type  to  that  seen  in 
ordinary  spontaneous  pneumothorax.  Moreover,  if  the 
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intiapleural  pressure  is  taken  in  these  cases,  it  is  often  found 
to  be  raised  before  any  effusion  has  formed.  This  is  a 
plausible  explanation  of  the  rise  of  intrapleural  pressure, 
which  undoubtedly  does  frequently  precede  the  develop¬ 
ment  of  effusion  in  pneumothorax  cases  and  there  is  no 
reason  why  a  rupture  should  not  occur  and  heal  quickly, 
just  as  it  may  do  in  ordinary  cases  not  treated  by  artificial 
pneumothorax.  It  is  very  different,  however,  from  the 
sudden  rupture  with  obvious  signs  and  serious  consequences, 
leaving  an  open  communication  between  the  lung  and 
pleuial  cavity,  and  invariably  resulting  in  pyopneumothorax, 
which  is  usually  meant  when  rupture  of  lung  is  spoken  of 
as  a  complication  of  artificial  pneumothorax. 

Of  eouise,  spontaneous  pneumothorax  may  occur  on  the 
untreated  side  during  collapse  therapy  and  produce  bilateral 

pneumothorax.  This  happened  in  two  of  my  cases  and  both 
died. 

In  six  of  my  first  334  cases  of  artificial  pneumothorax  (20) 
rupture  of  the  \isceral  pleura  on  the  treated  side  occurred. 
Two  of  these  were  non-tuberculous  patients,  and  both 
ieco\ered.  The  other  four  were  cases  of  pulmonary  tuber¬ 
culosis  and  all  died  ;  a  pyopneumothorax  developed  in  each 
ease.  Of  Forlanini’s  139  cases,  rupture  of  lung  occurred  in 
eight,  and  all  died. 

Burland  (21)  describes  nine  cases.  Of  these  three  died 
within  the  first  month  and  four  in  from  three  to  six  months. 

It  must,  therefore,  be  regarded  as  a  very  serious  complica¬ 
tion,  which  not  only  justifies,  but  necessitates,  drastic 
tieatment.  When  the  rupture  occurs  in  a  collapsed  lung 
the  peifoiation  tends  to  remain  open,  whereas  in  an  ordinary 
case  of  spontaneous  pneumothorax  the  collapsing  lung  tends 
to  close  the  perforation  and  allow  healing  to  take  place. 
The  tieatment,  theiefore,  is  usually  that  of  spontaneous 
pneumothorax  where  the  perforation  does  not  heal,  and  is 
described  in  Chapter  VI.  It  may  here  be  summarised  as 
follows  : — 
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1.  Relieve  urgent  dyspnoea  by  removing  gas  from  the 
pleural  cavity  and,  if  necessary,  leave  in  the  cavity  a  needle 
connected  with  a  rubber  tube,  the  lower  end  of  which  is  in 
a  bowl  of  water  on  the  floor,  thus  allowing  gas  to  leave,  but 
not  to  enter,  the  pneumothorax  cavity. 

2.  Clean  out  the  pleural  cavity  by  aspiration  and,  if 
necessary,  by  washing  it  out  with  1  in  5,000  solution  of 
methylene  blue. 

3.  Restore  the  general  health  as  far  as  possible  by  glucose, 
tonics,  fresh  air,  etc. 

4.  If  the  perforation  remains  open  and  the  lung  shows  no 
sign  of  re-expanding,  thoracoplasty  should  be  performed 
early,  as  soon  as  the  patient  has  recovered  from  the  initial 
shock  and  when  his  general  condition  is  good.  The  longer 
operation  is  delayed,  the  less  will  be  the  chance  of  a  success¬ 
ful  result. 

Thickened  Pleura. — This  may  occur  when  there  is  no 
effusion,  but  is  especially  frequent  in  cases  of  long-standing- 
pyopneumothorax.  The  collapsed  lung  may  be  so  bound 
down  by  pleura  that  re-expansion  is  impossible,  and  in  that 
case,  whether  there  is  an  effusion  or  not,  the  lung  is  per¬ 
manently  useless  and  the  pneumothorax  cavity  a  source  of 
possible  danger,  so  it  should  be  closed  by  thoracoplasty. 

After  pneumothorax  treatment  has  finished,  the  visceral 
and  parietal  pleura  are  usually  adherent  and  thickened, 
so  that  it  is  not  possible  to  re-collapse  the  lung.  This  is 
not  always  the  case,  however,  and  I  have  re-collapsed  a 
lung  seven  months  after  the  last  refill.  Vere  Pearson  (9) 
succeeded  in  reproducing  a  pneumothorax  in  one  case  two 
years  after  the  last  refill. 

Pleurisy.— A  small  lesion  of  pleurisy  frequently  leads  to 
the  pleural  layers  becoming  adherent  and  the  disease 
arrested.  In  cases  of  pneumothorax  this  cannot  occur, 
since  the  visceral  and  parietal  pleura  are  separated  by  gas, 
and  consequently  pleural  effusion  is  a  very  common  compli¬ 
cation.  Dry  pleurisy  may  occur  as  a  complication  of 
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artificial  pneumothorax,  and  Riviere  thinks  it  is  not  uncom¬ 
mon  at  the  site  of  puncture,  especially  if  many  punctures 
have  been  made  at  the  same  place.  The  symptoms  of  dry 
pleurisy  are  malaise,  slight  pain  or  aching  in  the  chest, 
and  there  is  often  a  little  tenderness  on  palpation  over  the 
inflamed  pleura.  If  a  refill  is  given  it  is  found  that  less  gas 
than  usual  is  required  to  reach  the  former  pressure.  The 
treatment  of  such  cases  is  to  keep  the  patient  in  bed  and 
apply  antiphlogistine  to  the  side.  Saugman  believed  that 
salicylates  have  a  specific  effect  in  these  cases. 

Pleural  effusion  is  the  most  frequent  complication  of 
artificial  pneumothorax.  There  may  be  no  symptoms  or 
the  patient  may  complain  of  malaise  and  slight  pain.  Some¬ 
times  there  is  vomiting,  and  the  condition  resembles  an 
acute  gastric  disturbance.  As  a  rule  there  is  some  pyrexia 
for  a  few  days.  After  three  or  four  days,  however,  the 
symptoms  usually  disappear,  but  occasionally  the  temperature 
remains  high  and  the  patient’s  condition  becomes  steadily 
worse.  In  these  latter  cases  it  is  found  that  the  tuberculosis 
is  spreading  in  the  lungs,  and  the  development  of  the  liquid 
seems  to  have  been  the  starting-point  of  a  general  breakdown, 
though,  fortunately,  such  cases  are  rare.  The  physical 
signs  of  effusion  are  obvious  :  shifting  dullness  can  be 
demonstrated  even  if  there  is  only  a  very  small  amount  of 
liquid  :  the  level  of  the  liquid  is  horizontal,  and  there  is  no 
parabolic  curve  :  vocal  fremitus  is  absent  over  the  liquid, 
but  present  over  the  air-space  above  it  :  breath  sounds  are 
usually  absent,  but  often  acquire  a  metallic  quality, 
especially  over  a  small  zone  just  above  the  level  of  the 
liquid.  The  coin  sound  is  usually  well  heard,  and  the 
succussion  splash  is  one  of  the  best  physical  signs,  and 
can  be  heard  even  in  the  smallest  effusions.  The  patient 
will  often  complain  of  feeling  liquid  splashing  about  in  his 
chest. 

X-ray  shows  the  presence  of  liquid  beyond  doubt,  but  the 
patient  must  be  examined  in  the  upright  position.  A  very 
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small  effusion  can  often  be  detected  only  by  X-ray  examina¬ 
tion. 

Various  explanations  have  been  given  to  account  for  the 
frequency  of  pleural  effusion  in  cases  of  pneumothorax. 
Irritation  by  the  gas,  its  temperature,  the  repeated  punc¬ 
tures  of  the  parietal  pleura  or  the  intrapleural  pressure  have 
all  been  described  as  playing  a  part  in  the  production  of 
effusion.  In  my  opinion,  however,  these  effusions  are  true 
tuberculous  exudates  due  to  tuberculous  pleurisy,  and  in  my 
experience  they  occur  with  equal  frequency  whether  the  gas 
is  heated  or  not,  and  whether  air,  nitrogen,  carbon-dioxide 
or  oxygen  is  used,  and  in  support  of  this  view  I  would  urge 
the  following  considerations  : — 

1.  Pleurisy  is  a  common  complication  of  pulmonary 
tuberculosis  and  often  leads  to  adherent  pleura.  If  the 
parietal  and  visceral  pleura  are  separated,  as  they  are  in 
cases  of  pneumothorax,  one  would  expect  effusion  to  form 
when  pleurisy  occurred.  In  almost  every  case  of  tuberculous 
spontaneous  pneumothorax  (where,  of  course,  the  disease 
has  spread  to  the  pleura)  effusion  develops.  This  is  not  so 
in  non-tub erculous  cases.  Osier  describes  a  case  where  no 
effusion  formed  and  a  quick  recovery  occurred  in  a  patient 
who  had  no  signs  of  tuberculosis  and  did  not  react  to  tuber¬ 
culin. 

2.  The  cytology  of  the  fluid  is  that  of  a  tuberculous  exu¬ 
date  and  not  of  a  transudate. 

3.  Tubercle  bacilli  are  not  found  in  the  early  stages  in 
the  effusion,  but  are  almost  invariably  present  in  long-stand¬ 
ing  cases,  and  no  other  organisms  have  been  found  in  any 
of  my  cases. 

4.  Of  the  first  309  cases  in  which  I  have  produced  a  suc¬ 
cessful  pneumothorax  for  pulmonary  tuberculosis,  a  definite 
effusion  formed  in  128,  but  of  my  first  fifty-four  cases  of 
non-tuberculous  disease  where  pneumothorax  was  induced, 
an  effusion  occurred  in  one  only,  and  that  was  only  a  tran¬ 
sient  and  small  effusion  in  a  case  of  acute  pulmonary  abscess. 
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A  percentage  of  41*4  for  tuberculous  and  under  2  for  non- 
tuberculous  cases. 

Hutchinson  (22)  thinks  that  effusion  in  tuberculous  cases 
is  often  the  result  of  a  small  rupture  of  lung,  and  supports 
his  opinion  by  the  facts  that  an  effusion  is  often  preceded  by 
a  rise  in  intrapleural  pressure,  and  that  the  temperature 
which  accompanies  its  development  is  very  similar  to  that 
seen  in  ordinary  cases  of  spontaneous  pneumothorax. 

A  small  transient  effusion  is  almost  the  rule  in  cases  of 
aitificial  pneumothorax,  and  if  every  case  were  examined 
daily  with  the  X-ray  screen  it  would  be  seen  in  most  cases 
at  some  time  or  other  as  a  small  pool  lying  in  the  costo¬ 
diaphragmatic  angle.  Such  small  collections  of  liquid, 
however,  are  soon  absorbed  and  are  not  important.  Here  I 
include  as  cases  of  pleural  effusion  only  those  where  it  lasts 
at  least  a  week  and  covers  the  diaphragm. 

Pleural  effusion  is  not  a  serious  complication  of  collapse 
therapy  and  is  often  beneficial.  It  sometimes  happens  that 
a  patient,  who  is  not  doing  well,  starts  to  improve  as  soon 
as  an  effusion  forms,  and  eventually  makes  a  good  recovery. 

The  following  table  shows  the  results  of  effusion  on  a 
series  of  309  cases  from  my  series  (23).  The  cases  are  those 
with  medium  resistance  who  have  failed  to  improve  after 
other  treatment  ;  Cl  included  those  with  unilateral  disease, 
C2  those  with  slight  involvement  of  the  other  lung  and  C3 
where  there  is  involvement  of  a  third  or  more  of  the  better 
lung  : — 


Cl. 

C2. 

C3. 

Cases. 

Died. 

Cases. 

Died. 

Cases. 

Died. 

Total 

Clear  fluid 

No  effusion 

Pus 

126 

36 

78 

12 

24 

5 

13 

6 

Per 

cent. 

19-0 

13-9 

16-6 

50-0 

135 

45 

72 

18 

47 

14 

22 

11 

Per 

cent. 

34-8 

31-2 

30-6 

61-8 

48 

11 

31 

6 

33 

8 

22 

3 

Ter 

cent. 

68-7 

72-7 

710 

50-0 

PLATE  XXIX 


Hydropneumothorax  with  the  Patient  lying  on  the  Healthy  Side 

XOTE  THE  DISPLACEMENT  OF  VISCERA  AND  POSITION  OF  THE  FLUID  LEVEL. 
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PLATE  XXX 


he  Same  Case  as  Plate  XXIX  with  the  Patient  standing  on  his  Head. 
The  fluid  has  gravitated  to  the  apex,  and  the  base  of  the  lung 

AND  DIAPHRAGM  ARE  VISIBLE. 
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From  which  it  will  be  seen  that  the  development  of  clear 
effusion  does  not  increase  the  mortality,  but  that  when 
the  fluid  is  purulent  the  outlook  is  much  more  serious. 
When  there  is  extensive  disease  the  mortality  is  high  in  all 


cases. 

Saugman  (7)  gives  the  following  table  : — 


With  effusion. 

Without  effusion. 

No. 

Per  cent. 

No. 

Per  cent. 

Able  to  work  . 

31 

37*3 

24 

40-0 

Unable  to  work 

4 

4'8 

1 

1*6 

Dead 

48 

57-8 

32 

53-3 

Ill  or  dead  from  other 

causes . 

* 

3 

5-0 

Here,  too,  there  is  very  little  difference  between  the  dry 

cases  and  those  with  effusion. 

The  effusion  usually  develops  in  the  first  six  months  of 
treatment,  and  after  twelve  months  it  is  rare. 

The  next  table  shows  the  number  of  months  after  the 
induction  of  artificial  pneumothorax  when  the  effusion 
formed  in  my  series  of  309  cases  : — 

1  to  3  months  .  .  .45  cases 

3  to  6  ,,  .  •  •  43  ,, 

7  to  12  .  .  -29  ,, 

13  to  18  .  .  5  » 

Over  18  ,,  .  •  b  ,, 

When  fluid  forms,  a  lung  which  was  previously  partially 
expanded  will  become  completely  collapsed.  This  is  veiy 
constant,  and  is  one  reason  why  Hutchinson  (22)  thought 
effusion  in  these  pneumothorax  cases  was  often  due  to 
ruptured  lung  and  consequently  increased  intiapleural 

pressure. 
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In  some  cases,  however,  there  is  no  rise  of  intrapleural 
piessuie  when  the  effusion  forms  and  yet  the  lung  becomes 
completely  collapsed.  It  may  be  that  the  weight  of  the 
liquid  coming  into  contact  with  all  parts  of  the  lung  as  the 
patient  lies  down  or  changes  his  position  presses  the  air 
out  of  the  alveoli  whatever  the  intrapleural  pressure  may  be. 
When  the  lung  contains  some  air  re-expansion  is  much 
easier  than  in  the  case  of  a  lung  that  is  completely  airless. 

Jacot  in  an  extensive  study  (24)  of  purulent  effusion 
complicating  artificial  pneumothorax,  recognised  four  types 
of  cases. 

1.  In  36  per  cent,  of  his  cases  the  serous  liquid  developed 
into  tuberculous  pus,  but  the  patient’s  condition  remained 
good. 

2.  In  16  per  cent.,  after  a  period  of  wellbeing,  the  patient’s 
condition  suddenly  became  grave,  there  was  a  hectic  tem¬ 
perature  and  the  pulmonary  tuberculosis  rapidly  spread  to 
a  fatal  issue. 

3.  In  28  per  cent,  the  purulent  effusion  began  with 
pyrexia,  and  the  patient’s  condition  was  bad,  but  eventually 
impioved  and  the  case  became  the  same  as  in  the  first  type. 

4.  In  20  per  cent,  the  purulent  effusion  followed  rupture 
of  lung  and  all  these  cases  were  fatal. 

The  tieatment  of  pleural  effusion  complicating  artificial 
pneumothorax  depends  on  many  factors,  and  each  case  must 
be  taken  on  its  merits.  If  the  fluid  is  left  it  will  usually 
cause  obliteration  of  the  pneumothorax  cavity  by  pleural 
adherence  and  fibrosis,  starting  at  the  bottom  of  the  pleural 
cavity  and  working  upwards.  If  this  result  is  desired  the 
fluid  should  be  left,  but  the  patient  must  be  kept  under 
observation  lest  complications  arise,  such  as  pyrexia,  change 
of  the  fluid  to  pus,  displacement  of  the  mediastinum.  Many 
cases  of  pneumothorax  which  terminate  by  obliteration  in 
this  way  do  very  well,  for,  as  the  lung  is  drawn  out,  a  satis- 
factoiy  fibrosis  develops  over  the  diseased  areas  and  the 
healthy  parts  of  the  lung  begin  to  function  once  more. 
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If,  however,  it  is  decided  to  maintain  the  pneumothorax, 
the  effusion  must  be  aspirated  and  replaced  by  air  to  pre¬ 
vent  obliteration  of  the  pneumothorax  cavity.  Usually 
after  one  or  two  aspirations  the  fluid  does  not  reform. 

In  replacing  fluid  the  quantity  of  gas  required  is  less  than 
that  of  the  fluid  removed ;  roughly  speaking,  about  a 
quarter  the  quantity  is  sufficient.  In  one  ease  225  e.cm.  of 
fluid  was  removed  and  200  e.cm.  of  air  given,  the  pressure 
being  changed  from  —8  — 0  to  0  +  6. 

In  another  case  the  initial  pressure  was  —17  —9.  After 
removing  600  e.cm.  of  fluid  it  became  — 22  — 13,  and  after 
another  200  e.cm.  had  been  removed  it  was  —28  —15, 
On  adding  200  e.cm.  of  air  the  pressure  at  once  rose  to 
— 16  —9,  another  200  e.cm.  of  air  made  it  —10  —6,  and 
after  a  further  200  e.cm.  it  became  —4  —0.  Thus  the 
removal  of  800  e.cm.  of  fluid  lowered  the  pressure  from 
—  17  —9  to  —28  —15,  but  the  addition  of  600  e.cm.  of  air 
raised  it  to  —4  —0. 

The  methods  of  fluid  replacement  and  washing  out  the 
pleural  cavity  have  been  described  in  Chapter  VI.  I 
prefer  to  use  two  needles  in  most  cases  so  that  air  can  enter 
through  one  as  the  fluid  leaves  through  the  other,  and  by 
this  means  the  intrapleural  pressure  can  be  kept  constant, 
raised  or  lowered  at  will.  It  is  not  wise  to  let  the  pressure 
alter  too  quickly,  and  too  low  a  pressure  is  apt  to  cause 
symptoms  which  are  sometimes  very  severe,  such  as  dys¬ 
pnoea,  faintness  or  paroxysm  of  cough. 

If  the  fluid  is  purulent  the  case  is  very  much  more  serious, 
although  I  have  had  several  patients  with  large  purulent 
effusions  who  made  good  recoveries.  The  pus  should  be 
aspirated  and  the  pressure  kept  as  low  as  possible  in  order  to 
help  the  lung  re-expand.  If  the  lung  does  re-expand  the 
outlook  is  hopeful,  and  a  satisfactory  termination  of  the 
treatment  by  obliteration  of  the  pneumothorax  cavity  may 
be  expected.  Sometimes  even  after  failure  of  simple  aspira¬ 
tion  and  lavage,  oleothorax  may  succeed  in  checking  the 
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foimation  of  the  pus  and  eventually  allowing  the  lung  to 
le-expand.  If,  however,  there  is  no  sign  of  re-expansion 
the  patient  will  probably  have  a  permanent  pyopneumo¬ 
thorax,  and  be  liable  to  any  of  the  various  complications 
of  that  condition.  In  such  a  case  thoracoplasty  should  be 
pei formed  as  soon  as  possible,  if  not  contra-indicated  by  the 
condition  of  the  other  lung.  In  some  cases  it  may  be  neces¬ 
sary  to  wash  out  the  pleural  cavity  first  to  get  it  in  as  clean  a 
condition  as  possible  ;  1  in  4,000  solution  of  methylene  blue 
may  be  used  for  this  purpose.  A  preliminary  operation  for 
phrenic  evulsion  may  also  be  performed  and  some  surgeons 
do  this  as  a  routine  before  the  major  operation.  Since  the 
lung  cannot  expand,  it  is  permanently  useless,  and  therefore 
thoracoplasty  cannot  affect  its  function.  The  object  of  the 
operation  is  to  close  the  pleural  cavity  and  not  to  immobilise 
the  lung  as  in  other  conditions. 


The  Effect  of  Artificial  Pneumothorax  on 
Vital  Capacity 

Case  1.  Male,  twenty-eight.  Onset  of  pulmonary  tubercu¬ 
losis,  March,  1929.  Sanatorium  treatment,  July  to  Decem- 
bei,  1919.  March,  1920,  tubercle  bacilli  present.  Signs  of 
active  disease  at  the  apices  of  the  upper  and  lower  lobes  on 
the  left  side.  Vital  capacity,  2,570  c.cm.  Percentage,  —  41. 

July. 

V.C.,  2,450  c.cm.  Percentage,  —  44. 

August  23rd. 

V.C.,  2,250  c.cm.  Percentage,  —  48-5. 

August  27th. 

Artificial  pneumothorax.  900  c.cm.  of  air  intro¬ 
duced,  the  end  pressure,  —  1.  An  hour  later  : 

V.C.,  1,560  c.cm.  Percentage,  —  65. 

August  30th. 

Before  the  first  refill.  Pressure,  —  6-5. 
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V.C.,  2,050  c.cm.  Percentage,  —  53. 

One  hour  after  refill  of  900  c.cm.  of  air  and  pressure, 

—  2. 

V.C.,  1,680  c.cm.  Percentage,  —  61*6. 

September  2nd. 

Before  the  second  refill.  Pressure,  —  5. 

V.C.,  1,900  c.cm.  Percentage,  —  56-5. 

One  hour  after  refill  of  800  c.cm.  and  pressure  0. 

V.C.,  1,400  c.cm.  Percentage,  —  68. 

This  case  illustrates  the  effect  of  large  initial  doses.  The 
patient’s  vital  capacity  was  getting  gradually  worse  before 
treatment.  900  c.cm.  of  air  reduced  the  vital  capacity  by 
690  c.cm.  Three  days  later  the  vital  capacity  increased 
490  c.cm.  and  fell  370  c.cm.  on  the  addition  of  900  c.cm.  of 
air  into  the  pleural  cavity.  Three  days  later  it  rose  220  c.cm., 
and  was  reduced  500  c.cm.  by  a  refill  of  800  c.cm. 

Case  2. — Male,  aged  nineteen.  Two  years’  history  of 
pulmonary  tuberculosis.  Signs  of  extensive  disease  of  the 
right  lung.  Tubercle  bacilli  present. 

September  2nd. 

Before  artificial  pneumothorax. 

V.C.,  2,380.  Percentage,  —  45-3. 

September  3rd. 

Twelve  hours  after  700  c.cm.  of  air  had  been  intro¬ 
duced.  End  pressure,  —  2-5. 

V.C.,  1,800.  Percentage,  58-7. 

September  6th. 

Seventy-two  hours  after  the  first  refill.  Pressure, 

—  4. 

V.C.,  2,450.  Percentage,  —  43*6. 

Two  hours  after  600  c.cm.  of  air  had  been  intro¬ 
duced. 

Pressure,  —  0-5. 

V.C.,  1,700.  Percentage,  —  60*8. 

r.T. 
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September  8th . 

Forty-eight  hours  since  the  second  refill. 

V.C.,  2,050.  Percentage,  —  53. 

September  9th. 

Two  hours  after  the  third  refill  of  900  c.cm.  Pres¬ 
sure  0. 

V.C.,  1,500.  Percentage,  —  65-5. 

Case  3. — Male,  aged  twenty-three.  After  one  year’s 
pneumothorax  treatment  for  pulmonary  tuberculosis  and 
four  weeks  since  the  last  refill.  Intrapleural  pressure,  —  6. 

V.C.,  2,180.  Percentage,  —  52. 

One  hour  after  a  refill  of  1,200  c.cm.  Pressure, 

+  8. 

V.C.,  1,700.  Percentage,  —  62-8. 

Again  four  weeks  since  last  refill.  Pressure,  —  5. 
V.C.,  2,440.  Percentage,  —  46-5. 

One  hour  after  a  refill  of  1,500  c.cm.  Pressure,  +  9. 
V.C.,  1,570.  Percentage,  —  65-6. 

Again  four  weeks  since  last  refill.  Pressure,  —  1. 
V.C.,  2,100.  Percentage,  —  54. 

One  hour  after  a  refill  of  800  c.cm.  Pressure,  -j-  8. 
V.C.,  1,680.  Percentage,  —  63-2. 

Again  four  weeks  since  last  refill.  Pressure,  —  4-5. 
V.C.,  2,410.  Percentage,  —  47. 

One  hour  after  a  refill  of  1,300  c.cm.  Pressure,  -f  5. 
V.C.,  1,720.  Percentage,  —  63. 

Again  four  weeks  since  last  refill.  Pressure,  —  4. 
V.C.,  2,310.  Percentage,  —  49*4. 

One  hour  after  refill  of  1,300  c.cm.  Pressure,  -f  4*5. 
V.C.,  1,650.  Percentage,  —  64. 

From  this  it  would  appear  that  an  intrapleural  pressure 
of  —  4*5  is  the  optimum  pressure.  Pressures  of  —  6  and  —  1 
give  a  worse  vital  capacity. 

Case  4. — The  following  two  cases  illustrate  the  re-expansion 
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of  lung.  Male,  aged  fifty-one.  After  over  two  years  of 
pneumothorax  treatment  for  pulmonary  tuberculosis. 

Before  a  refill. 

V.C.,  1,870.  Percentage,  —  46-7. 

Three  months  after  completion  of  treatment. 

V.C.,  2,480.  Percentage,  —  29T. 

Case  5. — Male,  aged  thirty-one.  After  two  years’  pneumo¬ 
thorax  treatment  for  pulmonary  tuberculosis  and  six  weeks 
since  the  last  refill.  Intrapleural  pressure,  —  8. 

V.C.,  8,070.  Percentage,  —  49-9. 

One  hour  after  refill  of  1,100  c.cm.  Pressure,  -f-  7. 
V.C.,  2,550.  Percentage,  —  55  5. 

Again  six  weeks  since  last  refill.  Pressure,  —  8. 
V.C.,  3,220.  Percentage,  —  44-6. 

One  hour  after  refill  of  1,100  c.cm.  Pressure,  +  10. 
V.C.,  2,690.  Percentage,  —  53-5. 

Five  months  after  completion  of  treatment. 

V.C.,  3,490.  Percentage,  —  39*5. 

Eight  months  after  completion  of  treatment. 

V.C.,  3,780.  Percentage,  —  34*5. 

Case  6. — Male,  aged  thirty.  Infiltration  of  the  upper  and 
lower  apices  of  the  left  lung.  Tubercle  bacilli  present. 

Before  pneumothorax  treatment  was  started. 

V.C.,  2,660.  Percentage,  —  22-2. 

After  a  year’s  treatment.  Intrapleural  pressure, 
—  17. 

V.C.,  2,200.  Percentage,  —  35-6. 

An  hour  after  removing  500  c.cm.  of  liquid  and 
introducing  1,000  c.cm.  of  air.  Pressure,  +  13. 
V.C.,  2,080.  Percentage,  —  39. 

Six  weeks  later.  Pressure,  —  16. 

V.C.,  2,360.  Percentage,  —  31. 

An  hour  after  a  refill  of  500  c.cm.  of  air.  Pressure, 
+  18. 

V.C.,  2,210.  Percentage,  —  3 5  5. 
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Here  great  changes  in  pressure  cause  a  very  slight  altera¬ 
tion  in  the  vital  capacity,  probably  because  the  lung  was 
fully  collapsed  by  the  liquid. 

Analysis  of  Cases  treated  by  Artificial 
Pneumothorax 

Dr.  Riviere  (13,  p.  231)  refers  to  the  dangers  of  judging 
the  results  of  any  form  of  treatment  in  cases  of  pulmonary 
tuberculosis.  He  points  out  that  no  two  cases  are  exactly 
alike,  and  that  the  methods  of  classification  and  analysis 
of  the  cases  by  different  authors  vary  considerably,  so  that 
it  is  difficult  to  compare  one  series  with  another.  However, 
he  published  the  results  of  treatment  of  a  large  number  of 
cases  by  various  authors,  and,  although  these  figures  do  not 
really  help  one  to  form  an  opinion  as  to  the  value  of  pneumo¬ 
thorax  treatment,  they  do  go  to  show  that  a  large  number 
of  patients  who  have  had  the  treatment  are  well  enough  to 
work  many  years  later. 

Tables  giving  the  results  of  any  treatment  in  pulmonary 
tuberculosis  are  always  misleading,  because  it  is  impossible 
to  decide  how  much  of  the  effect — good  or  bad — was  due  to 
the  special  treatment  under  review  and  how  much  to  routine 
or  other  methods.  Moreover,  the  chances  of  a  relapse  vary 
enormously  according  to  certain  factors,  such  as  the  patient’s 
home  condition,  habits,  temperament,  means,  etc. 

One  should  also  remember  that  certain  methods  of  treat¬ 
ment  are  only  employed  if  the  patient  is  doing  badly. 
Artificial  pneumothorax,  for  example,  is  practically  never 
induced  in  the  case  of  a  patient  who  has  early  disease  and 
appears  to  be  getting  on  well  without  it. 

The  following  figures,  therefore,  are  not  intended  to 
illustrate  the  results  of  artificial  pneumothorax  as  com¬ 
pared  with  the  results  of  other  methods  of  treatment,  but 
they  do  show  the  types  of  case  for  which  the  treatment  was 
employed  and  the  chances  of  certain  dangers  and  complica¬ 
tions. 
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The  series  consists  of  the  first  500  cases  in  which  I  induced 
or  attempted  artificial  pneumothorax  for  pulmonary  tubercu¬ 
losis.  During  the  same  period  there  were  seventy-one  cases 
of  non-tuberculous  disease  and  twenty-six  cases  of  sponta¬ 
neous  pneumothorax.  They  were  all  treated  between  the 
years  1918  and  1926.  Including  unsuccessful  attempts  to 
induce  a  pneumothorax  and  refills,  the  pleura  was  punctured 
10,141  times  in  the  series. 

The  following  accidents  occurred  from  these  10,141 
punctures  : — 

1  case  of  fatal  pleural  shock. 

3  cases  of  collapse  and  alarming  symptoms,  but  recovery 
without  bad  after  effects. 

17  cases  of  faintness  or  mild  shock. 

3  cases  of  bad  surgical  emphysema  ;  all  recovered. 

57  cases  of  slight  local  surgical  emphysema. 

4  cases  where  a  large  vessel  or  the  heart  was  punctured, 

and  blood  rushed  up  the  pneumothorax  tubing,  but 
no  ill-effects  followed. 

2  cases  had  what  I  thought  to  be  mild  gas  embolism,  but 

both  quickly  recovered. 

A  sinus  developed  along  the  track  of  the  needle  in  five 
cases  with  tuberculous  pyopneumothorax.  In  no 
other  type  of  case  was  there  any  infection  of  the 
needle  track. 

During  the  treatment  there  were  the  following  complica¬ 
tions  in  this  series  : — 

Spontaneous  pneumothorax  on  the  opposite  side  occurred 
in  three  cases  and  proved  rapidly  fatal. 

Four  patients  had  operation  for  appendicitis  during  the 
treatment  and  one  died. 

Six  patients  were  confined  during  the  treatment.  In  one 
an  acute  exacerbation  of  disease  occurred  in  the 
untreated  lung,  but  the  other  five  suffered  no  ill- 
effects. 
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Of  the  500  tuberculous  cases  an  effusion  developed  in  177. 
In  123  of  these  it  was  clear  and  in  54  tuberculous  pus.  In 
no  case  was  any  organism  found  except  the  tubercle 
bacillus. 

Of  the  non-tuberculous  cases  in  this  series  an  effusion 
developed  in  one  only,  and  this  was  a  case  of  acute  abscess 
where  some  clear  fluid  formed,  but  was  very  small  in  amount 
and  was  quickly  absorbed. 

In  46  of  the  500  cases  a  pneumothorax  could  not  be 
induced  owing  to  adherent  pleura,  of  the  remaining  454  the 
pneumothorax  was  induced  at  the  first  attempt  in  429,  at 
the  second  in  17,  and  at  the  third  or  fourth  in  8. 

249  were  left-sided,  239  right-sided,  and  12  bilateral 
cases.  No  difference  in  result  was  noticed,  whether  the 
case  was  right-  or  left-sided. 

244  were  males  and  256  females. 


Of  the  71  non-tuberculous  cases  artificial  pneumothorax 
was  induced  or  attempted  for  the  following  reasons  : — - 


Bronchiectasis  .  .  .  .23 

Abscess  of  lung  .  .  .  .14 

Recurrent  haemoptysis  ...  8 
Pain  of  pleurisy  ....  5 
Replacing  pleural  effusion  .  .  9 

Diagnosis  .  .  .  .  .12 


Of  the  26  cases  of  spontaneous  pneumothorax  17  developed 
tuberculous  pyopneumothorax,  and  of  these  14  died.  Of  the 
3  who  are  not  dead  2  had  thoracoplasty.  9  did  not  develop 
purulent  effusion,  and  only  2  of  these  are  dead. 

I  divided  the  tuberculous  cases  into  the  following  groups  : — 

A.  Acute  pulmonary  tuberculosis. 

C.  Cases  with  medium  resistance  who  failed  to  get  on 
under  other  treatment. 


1.  Unilateral  disease. 

2.  Slight  involvement  of  the  other  lung. 

3.  A  third  or  more  of  the  better  lung  involved, 


PLATE  XXXI 


Complete  Collapse  op  Right  Lung  during  Artificial  Pneumothorax 

Treatment,  1923. 


PLATE  XXXII 


The  Same  Case  as  Plate  XXXI,  but  taken  in  1928.  The  patient  is  now 

WELL  AND  AT  WORK.  NOTE  THE  COMPLETE  RE-EXPANSION  OF  THE  RIGHT 
LUNG,  WITH  FIBROSIS  AND  DISPLACEMENT  OF  THE  HEART. 
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The  following  table  shows  the  number  in  each  group  with 
the  number  of  deaths  : — 


Total  Cases. 

No.  Dead. 

Male. 

Female. 

A. 

16 

9 

4 

12 

C.  1  . 

163 

43 

83 

80 

C.  2  . 

173 

71 

91 

82 

C.  3  . 

58 

50 

28 

30 

In  44  cases  there  was  too  much  adherent  pleura  to  allow 
a  sufficient  collapse  to  produce  any  effect,  and  of  these  32 


are  dead. 

In  46  cases  no  collapse  at  all  could  be  obtained,  and  of 
these  32  are  dead. 

The  following  table  shows  the  incidence  of  effusion  in  the 


four  groups  : — 


Total 

Cases. 

Clear  Effusion. 

Pus. 

A.  . 

16 

5 

0 

(Of  these  3  are  dead.) 

C.  1  . 

163 

50 

19 

(Of  these  13  are  dead.) 

(Of  these  13  are  dead.) 

C.  2  . 

173 

56 

25 

(Of  these  22  are  dead.) 

(Of  these  23  are  dead.) 

C.  3  . 

58 

12 

10 

(Of  these  10  are  dead.) 

(Of  these  10  are  dead.) 

The  next  table  shows  the  number  of  months  from  the 
onset  of  treatment  to  death  in  those  in  this  series  who  died 
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From  this  analysis  the  following  conclusions  may  be 
drawn  : — 

1.  Tnat  artificial  pneumothorax  is  a  safe  method  of  treat¬ 
ment.  Complications  may  occur,  but  are  rare  and  certainly 
no  greater  than  those  which  may  happen  during  other 
methods  of  treatment.  Indeed,  pneumothorax  tends  to 
prevent  certain  complications- for  example,  no  case  of  fatal 
Hemoptysis  occurred  in  my  series  during  the  treatment. 

2.  Unilateral  cases  do  much  better  than  bilateral  ones, 
and  when  there  is  much  disease  in  the  untreated  lung  pneumo¬ 
thorax  has  no  effect  except  that  it  may  prolong  life  for  a  short 
time. 

3.  The  development  of  a  clear  effusion  does  not  affect 
the  patient’s  chance  of  recovery.  The  effusion  is  a  tuber¬ 
culous  exudate,  and  does  not  occur  in  the  non-tuberculous 
cases. 

4.  The  development  of  tuberculous  pus,  however,  makes 
the  outlook  very  serious. 

5.  In  the  majority  of  cases  life  is  prolonged  by  artificial 
pneumothorax. 

Drs.  R.  C.  and  R.  W.  Matson  and  Bisaillon  (26)  describe 
the  results  of  492  cases  of  pulmonary  tuberculosis  treated  by 
artificial  pneumothorax.  They  exclude  all  cases  then  under 
treatment  or  treated  within  the  last  two  years,  so  as  to  show 
the  later  rather  than  the  immediate  results.  They  admit 
that  certain  factors  influence  the  result ;  for  example,  the 
environmental  and  social  conditions  of  the  patient,  his 
temperament  and  willingness  to  give  loyal  co-operation  in 
the  treatment,  etc.,  but  under  favourable  conditions  they 
believe  the  end  result  depends  on  : — 

1.  The  type  of  the  disease. 

2.  The  character  of  the  pneumothorax. 

3.  The  condition  of  the  opposite  lung. 

They  divide  their  cases  into  five  groups  : — 

1.  Chronic  fibro-caseous  disease  progressive  in  character 
but  with  little  or  no  cavitation, 
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2.  Chronic  fibro-caseous  disease  more  advanced  than  the 
first  group,  progressive  in  character  and  with  demonstrable 
cavitation. 

3.  Chronic  fibro-caseous  disease  with  cavities,  but  not 
progressive. 

4.  Acute  pulmonary  tuberculosis.  All  were  cases  of 
rapidly-advancing  disease. 


5.  Chronic  bilateral  cases  with  cavities  in  both  lungs. 


Cases. 

Clinically 

well. 

Arrested. 

Dead. 

Group  I. 

194 

Per  cent. 

Per  cent. 

Per  cent. 

Satisfactory  collapse 

99 

53 

15 

21 

Partial  collapse 

62 

17 

19 

46 

No  collapse 

33 

15 

12 

54 

Group  II.  . 

177 

Satisfactory  collapse 

71 

40 

32 

15 

Partial  collapse 

70 

11 

17 

48 

No  collapse 

36 

5 

8 

61 

Group  III. . 

52 

Satisfactory  collapse 

21 

43 

24 

28 

Partial  collapse 

22 

13 

9 

66 

No  collapse 

9 

0 

22 

44 

Group  IV.  . 

39 

Satisfactory  collapse 

13 

46 

7 

23 

Partial  collapse 

17 

6 

6 

76 

No  collapse 

9 

0 

0 

97 

Group  V.  . 

30 

Satisfactory  collapse 

7 

42 

0 

57 

Partial  collapse 

12 

8 

16 

58 

No  collapse 

11 

0 

18 

63 
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CHAPTER  XII 


TREATMENT — Contd. 

Oleothorax  and  Surgical  Procedures 

Oleothorax. — This  consists  in  introducing  medicated  oil 
into  the  pleural  cavity.  Olive  oil  or  paraffin  may  be  used, 
and  some  5  per  cent,  oil  of  gomenol  is  generally  added  as  an 
antiseptic.  In  the  case  of  paraffin,  eucalyptus  may  also  be 
added,  as  it  aids  the  solution  of  the  gomenol.  A  preparation 
containing  paraffin  94  parts,  gomenol  4  parts,  and  eucalyptus 
2  parts  is  a  common  formula.  It  is  said  that  olive  oil  keeps 
the  pleura  soft,  but  paraffin  renders  it  hard.  For  this  reason 
paraffin  is  best  if  there  is  a  superficial  cavity,  or  if  it  is 
required  to  thicken  the  pleura  in  a  case  of  displacement 
of  the  mediastinum  with  pneumothorax.  Olive  oil  is  best 
if  it  is  desired  to  allow  re-expansion  of  lung  shortly.  Liquid 
paraffin  may  remain  unabsorbed  for  many  months,  but  olive 
oil  is  absorbed  somewhat  more  quickly.  The  rate  of  absorp¬ 
tion  varies  in  different  cases  and  under  different  conditions. 
According  to  Bernon  (1),  olive  oil  is  saponified  and  quickly 
absorbed  in  cases  of  pyothorax. 

The  indications  for  oleothorax  are  : — 

1.  In  a  case  of  obliterative  pneumothorax  the  introduction 
of  oil  delays  the  process  of  obliteration,  and  will  often  keep 
up  sufficient  collapse  to  be  useful  for  many  months. 

2.  In  cases  of  adhesions.  Not  only  will  the  oil  act  as  an 
obstruction,  preventing  the  closure  of  the  pneumothorax 
cavity,  but  it  may  lead  to  the  stretching  of  the  adhesions, 
thus  converting  a  partial  and  useless  pneumothorax  into  a 
useful  one. 

3.  Recurrent  pleural  effusions  associated  with  fever  and 
toxic  symptoms  in  artificial  pneumothorax  may  be  pre¬ 
vented  by  oleothorax. 
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4.  To  replace  tuberculous  empyema. 

5.  To  clean  the  pleural  cavity  in  the  case  of  tuberculous 
empyema  either  pure  or  secondarily  infected  preliminary  to 
thoracoplasty. 

6.  In  cases  of  spontaneous  pneumothorax  or  ruptured 
lung  in  artificial  pneumothorax  if  pyopneumothorax  develops 
the  pus  may  be  aspirated  and  oleothorax  produced.  If  the 
perforation  in  the  visceral  pleura  is  large,  it  will  not  heal, 
and  thoracoplasty  will  become  necessary.  A  small  pleuro- 
pulmonary  fistula  may,  however,  heal,  as  indeed  it  may 
after  simple  aspiration  with  or  without  washing  out  the 
pleural  cavity.  Ruptured  lung  followed  by  pyopneumo¬ 
thorax  is  a  very  serious  condition,  and  oleothorax  has 
undoubtedly  proved  successful  in  a  few  cases  that  appeared 
hopeless. 

7.  To  maintain  a  selective  pneumothorax  after  the  normal 
part  of  the  lung  has  been  allowed  to  re-expand. 

8.  In  the  case  of  a  mobile  mediastinum  which  is  easily 
displaced  and  interferes  with  treatment  by  artificial  pneumo¬ 
thorax,  oleothorax  may  thicken  the  structures  and  prevent 
bulging  of  the  mediastinum.  Chandler  and  Gloyne  (2)  con¬ 
ducted  a  thorough  investigation  of  the  effects  of  oleothorax 
with  animal  experiments.  They  found  that  lipiodol  and 
gomenol  have  only  very  slight  bactericidal  effect  on  tubercle 
bacilli.  Adhesions  produced  in  infected  rabbits  showed 
histological  signs  of  tuberculosis.  In  normal  rabbits  the 
introduction  of  gomenol  into  the  pleural  cavity  has  no 
harmful  effect,  but  causes  the  formation  of  soft  sterile 
oleaginous  adhesions.  No  toxic  effect  on  any  distant  tissue 
was  produced.  Paraffin  wax  remains  sterile  and  produces 
firm  adhesions  if  introduced  into  the  pleural  cavity  of  rabbits. 
They  also  found  that  in  man  sterile  olive  oil  and  gomenol 
used  to  replace  pleural  effusion  is  harmless  and  often  of  great 
clinical  value. 

Oleothorax  is  fully  discussed  by  various  authors  :  Ber- 
non  (1),  M,  Couland  (6),  Fontaine  (5)  and  Kuss  (3),  in  the 
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ninth  volume  of  the  Revue  de  la  Tuberculose,  1928,  pp.  714- 
779.  Bernon  (1)  discusses  the  technique  of  the  procedure. 
Each  case  must  be  treated  on  its  own  special  peculiarities, 
and  there  can  be  no  rule  as  to  the  quantity  of  oil  to  be  given, 
or  for  how  long  the  oleothorax  should  be  maintained.  Each 
case  wants  careful  control  by  clinical  and  X-ray  examination, 
and  a  manometer  should  be  used  to  judge  the  pressures  of 
the  oil  in  the  pleural  cavity.  Kuss  (3)  gives  a  full  account 
of  the  advantages  and  disadvantages  of  oleothorax.  Cour- 
coux,  Tobe  and  Mile.  Raphael  (4)  describe  the  effect  of  oleo¬ 
thorax  in  chronic  purulent  tuberculous  empyema.  Mile. 
Fontaine  (5)  gives  the  results  of  100  cases  treated  by  oleo¬ 
thorax  for  various  causes.  Couland  (6)  describes  the  case  of 
a  woman  aged  twenty-seven,  in  whom  a  left  pneumothorax 
had  been  converted  into  an  oleothorax  with  good  results. 
Some  months  later  symptoms  of  toxaemia  with  signs  in  the 
right  lung  appeared,  and  a  right-sided  pneumothorax  was 
attempted.  Owing  to  adhesions,  only  a  very  limited  pneumo¬ 
thorax  could  be  obtained.  Oil  was  therefore  introduced,  and 
although  at  first  reactions  were  produced,  after  a  time  it  was 
possible  to  obtain  a  satisfactory  though  limited  pneumo¬ 
thorax  on  the  right  side  as  well  as  the  total  one  on  the  left, 
and  the  symptoms  disappeared.  Dr.  Gilbert,  of  Leysin  (7), 
after  seven  years’  experience  of  oleothorax,  gives  the 
following  classifications  of  conditions  for  which  it  may  be 
considered  : — 

1.  Pleurisies  of  pneumothorax. 

A.  Acute  sero-fibrinous  pleurisy. 

Here  oleothorax  is  contra-indicated  during  the 
acute  stage  as  the  irritation  of  the  oil  would  aggra¬ 
vate  the  condition.  Only  if  adhesions  follow 
this  type  of  effusion  should  oleothorax  be  con¬ 
sidered. 

B.  Repeated  acute  pleurisy. 

Here  oleothorax  is  indicated,  not  during  the  acute 
stage,  but  between  the  attacks.  The  effusion  should 
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be  completely  aspirated  and  some  200-300  c.cm.  of 
oil  injected. 

C.  Puriform  effusion. 

Especially  if  tubercle  bacilli  are  present  in  large 
numbers,  oil  containing  2-5  per  cent,  gomenol  should 
be  introduced  after  removing  the  fluid.  If  the  fluid 
reforms  it  should  again  be  replaced  by  gomenol 
solution.  Several  aspirations  may  be  necessary. 

D.  Serofibrinous  pleurisy  with  chronic  subfebrile  evolu¬ 

tion. 

In  this  condition  there  is  prolonged  but  not  severe 
pyrexia  with  constitutional  symptoms,  and  although 
it  sometimes  subsides,  there  is  a  tendency  for  it  to 
progress  to  a  tuberculous  empyema. 

E.  Purulent  tuberculous  pleurisy. 

This  is  a  very  serious  complication  of  artificial 
pneumothorax,  and  is  accompanied  by  fever  and 
toxaemia.  It  is  associated  with  an  acute  caseous 
pleurisy.  Aspiration  of  the  pus  and  replacement 
with  large  quantities  of  gomenol  in  olive  oil  has  the 
double  advantage  of  disinfecting  the  pleura  and 
maintaining  the  collapse  of  the  underlying  lung. 
This  treatment  may  be  successful,  but  even  if  it  is 
not,  and  subsequently  thoracoplasty  becomes  neces¬ 
sary,  it  will  have  cleared  the  pleural  cavity  to  some 
extent,  reduced  the  toxaemia  and  rendered  the 
patient  better  able  to  undergo  thoracoplasty. 

F.  Purulent  pleurisy  secondarily  infected. 

In  these  cases  the  pleural  cavity  should  be  washed 
out  with  saline  before  the  oil  is  injected. 

2.  Pleuro-pulmonary  perforation. 

Oleothorax  may  be  successful  in  small,  but  not  in 
large  perforation. 

3.  Cases  of  unsuccessful  artificial  pneumothorax  collapse  due 

to  insufficient  compression. 

4.  To  prevent  progressive  adhesion  of  the  pleura. 
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5.  To  overcome  mediastinal  laxity  combined  with  an  exag¬ 

gerated  pleural  elasticity. 

6.  To  replace  air  refills. 

Dr.  Gilbert  points  out,  however,  that  as  the  control  of  an 
oleothorax  is  more  delicate  than  that  of  a  pneumothorax,  it 
is  hardly  justifiable  to  substitute  oleothorax  for  artificial 
pneumothorax  without  some  special  indication. 

Sometimes  the  pleura  is  sensitive  to  the  oil,  and  a  febrile 
reaction  follows  its  injection.  For  this  reason  it  is  wise  first 
to  inject  only  a  small  quantity  of  oil,  and  a  day  or  so  later 
produce  the  oleothorax  if  there  has  been  no  reaction.  Apart 
from  this,  the  only  complication  is  the  formation  of  an 
effusion  which  together  with  the  oil  produces  displacement  of 
the  mediastinum  and  a  high  intrapleural  pressure.  It  is 
therefore  essential  to  keep  a  patient  treated  by  oleothorax 
under  constant  medical  supervision.  The  oil  is  less  dense 
than  an  effusion  as  seen  under  X-ray,  so  that  the  levels  of  the 
oil  and  of  the  effusion  can  be  determined  if  the  patient  is 
examined  by  X-ray  in  the  upright  position. 

To  replace  an  effusion  with  oil  the  fluid  should  first  be 
aspirated  and  replaced  by  air  ;  10  c.cm.  of  olive  oil  containing 
5  per  cent,  gomenol  should  then  be  injected  into  the  pleural 
cavity.  If  there  is  no  reaction  after  forty-eight  hours, 
400-600  c.cm.  of  the  oil  may  be  introduced.  If  a  larger 
amount  of  oil  is  required,  it  should  be  given  subsequently. 

Two  needles  are  required  for  the  procedure,  so  that  air  can 
leave  through  the  upper  one  as  the  oil  enters  through  the 
lower.  The  upper  needle  is  connected  with  a  manometer, 
and  the  pressure  should  be  taken  from  time  to  time  and  kept 
slightly  negative.  The  lower  needle  is  connected  with  a 
Dieulofoy’s  aspirator,  and  after  any  remaining  effusion  has 
been  aspirated,  the  oil  which  has  previously  been  warmed  is 
slowly  introduced  into  the  pleural  cavity.  If  the  media¬ 
stinum  becomes  much  displaced,  it  will  be  found  that  the 
pressure  rises  very  little  as  the  oil  enters.  The  same  thing  is 
seen  when  performing  gas  replacement,  for  after  a  certain 
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quantity  of  fluid  has  been  removed,  a  much  smaller  quantity 
of  air  is  required  to  restore  the  pressure. 

If  there  is  much  displacement  of  the  mediastinum,  only  a 
small  quantity — some  200  c.cm. — of  oil  should  be  given,  and 
this  may  later  relieve  the  mediastinal  bulge  and  allow  more 
oil  to  be  given  subsequently  without  displacing  the  media¬ 
stinum. 
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Extrapleural  Pneumolysis. — When,  owing  to  adherent 
pleura,  an  artificial  pneumothorax  cannot  be  induced,  part 
of  the  lung  may  be  collapsed  by  stripping  the  parietal  pleura 
from  the  chest  wall  in  the  desired  area  and  packing  the  space 
with  solid  paraffin,  wax,  fat,  or  muscle.  Morriston  Davies  (1) 
advises  breast  in  the  case  of  women  and  pectoralis  major  in 
men. 

When  the  apex  of  the  lung  is  collapsed  in  this  way  it  is 
known  as  apicolysis,  and  has  been  advocated  in  cases  of 
apical  tuberculosis  if  the  apex  cannot  be  collapsed  by  arti¬ 
ficial  pneumothorax  or  thoracoplasty. 

The  indications  for  the  operation  are  : — 

1.  Active  disease  confined  to  the  apices  of  the  lungs  if 
pneumothorax  fails  owing  to  adherent  pleura  and  there  is  too 
much  bilateral  disease  to  justify  thoracoplasty. 

2.  Apical  cavity  producing  symptoms  such  as  haemoptysis 
or  pyrexia  if  artificial  pneumothorax  cannot  be  induced. 

To  perform  the  operation,  Morriston  Davies  (1)  recom¬ 
mends  the  removal  of  the  second  costal  cartilage  and  possibly 
part  of  the  rib.  When  the  areolar  tissue  between  the  pleural 
membrane  and  the  chest  wall  is  reached,  the  pleura  is  stripped 
away,  thus  freeing  the  lung,  which  retracts  and  draws  the 
parietal  pleura  with  it.  The  gap  left  is  filled  with  pectoralis 
major  muscle  or  breast  tissue.  If  pectoralis  major  is  used, 
the  muscle  is  dissected  from  the  chest  wall  and  humerus,  but 
the  attachments  to  the  clavicle  are  left  so  that  a  pedicled 
graft  is  obtained.  In  the  case  of  women,  breast  tissue  is 
dissected  away  from  the  skin,  nipple  and  muscle,  but  left 
attached  by  a  tail  in  the  axilla. 

If  wax  is  used  it  tends  in  time  to  find  its  way  out  through 
the  skin,  and  in  one  case  the  wax  worked  its  way  into  the 
bronchial  tubes,  and  was  coughed  up  in  pieces  many  years 
later.  In  this  patient  left  artificial  pneumothorax  had  been 
tried,  and  failed  owing  to  adherent  pleura,  and  so  extra¬ 
pleural  collapse  was  induced  in  Switzerland  by  inserting 
800  c.cm.  of  wax  between  the  parietal  pleura  and  the  chest 

P.T. 


16 


226 


TREATMENT 


wall.  At  that  time  the  patient  was  cachectic  and  had  tuber¬ 
culous  peritonitis  in  addition  to  extensive  infiltration  and 
cavitation  in  the  left  lung.  The  immediate  result  was 
very  striking,  he  lost  his  toxic  symptoms,  tubercle  bacilli 
disappeared  from  the  sputum,  the  peritonitis  improved  and 
he  was  walking  about  a  few  months  later.  He  remained 
fairly  well  for  about  seven  years,  when  symptoms  began  to 
increase  and  a  left-sided  thoracoplasty  was  performed  and 
caused  improvement  for  some  time.  He  first  began  to  cough 
up  pieces  of  wax  twelve  years  after  it  had  been  inserted,  and 
this  continued  until  his  death  some  two  years  later. 

In  this  case  the  treatment  undoubtedly  checked  the 
rate  of  spread  of  the  disease  and  the  patient,  although  suffer¬ 
ing  from  advanced  disease  at  the  time,  lived  for  fourteen 
years. 

In  one  of  my  cases  where  fat  had  been  used  in  performing 
an  apicolysis,  the  place  became  septic  and  a  large  abscess 
formed.  It  healed,  however,  and  the  patient  was  actually 
better,  the  contracting  scar  tissue  having  produced  a  fair 
collapse  of  the  apex  of  the  lung. 

A  similar  result  may  be  made  by  stripping  the  parietal 
pleura  over  the  diseased  area  and  plugging  with  gauze  which 
is  gradually  removed.  Lilienthal  (2)  advocates  stripping  the 
parietal  pleura  and  packing  the  space  with  pieces  of  rubber 
and  gauze,  so  that  continuous  pressure  may  be  produced  by 
the  elastic  on  the  lung. 

In  my  experience  the  results  of  apicolysis  are  disappointing, 
and  thoracoplasty  is  to  be  preferred  if  artificial  pneumo¬ 
thorax  is  impossible.  In  certain  cases,  however,  when  thora¬ 
coplasty  is  contra-indicated,  apicolysis  may  be  the  only  treat¬ 
ment  to  offer  the  patient  any  chance. 
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Phrenic  Evulsion. — Section  or  evulsion  of  the  phrenic 
nerve  will  cause  paralysis  of  one  half  of  the  diaphragm,  and 
consequently  those  movements  of  the  lungs  which  are  con¬ 
trolled  by  the  diaphragm  will  cease.  The  operation  is, 
therefore,  useful  for  giving  additional  rest  to  the  lung. 

Formerly  it  was  the  custom  to  divide  the  phrenic  nerve, 
and  this  often  failed  to  produce  paralysis  of  the  diaphragm 
owing  to  the  frequent  presence  of  accessory  phrenic  nerves. 
Now,  however,  the  nerve  is  twisted  and  some  six  or  more 
inches  are  removed.  In  one  case  Morriston  Davies  (2) 
removed  49  cm.  (20  in.)  of  the  phrenic  nerve,  29  being  the 
trunk,  and  20  cm.  the  terminal  filaments.  He  found 
recovery  of  the  diaphragm  in  only  1  out  of  105  cases,  and  in 
this  one  the  muscle  was  paralysed  and  showed  paradoxical 
movements  a  month  after  the  operation,  but  five  months 
later  it  was  functioning  normally.  In  this  case  4  in.  of 
nerve  had  been  removed. 

The  indications  for  phrenic  evulsion  are  : — 

1.  To  rest  the  lung  in  cases  of  tuberculosis.  When  the 
disease  is  basal  great  improvement  follows  the  operation, 
and  the  disease  often  becomes  arrested.  In  apical  tuber¬ 
culosis  the  result  is  not  so  striking,  and  in  the  majority  of 
cases  no  effect  one  way  or  the  other  is  noted.  The  degree 
to  which  the  apex  of  a  lung  is  affected  by  paralysis  of  the 
diaphragm  is  a  matter  of  dispute.  There  is  little  doubt 
that  the  base  is  more  affected  than  the  apex,  but  cases  have 
been  reported  where  X-ray  showed  diminution  in  the  size 
of  apical  cavities  after  phrenic  evulsion,  and  most  observers 
admit  that  the  operation  does  have  some  effect  on  the  apex 
of  the  lung.  Practically,  however,  one  may  anticipate 
good  results  in  the  rare  cases  of  basal  pulmonary  tuber¬ 
culosis,  but  not  if  the  disease  is  apical  or  generalised. 

2.  To  relieve  symptoms.  A  dry,  irritating  cough  or  per¬ 
sistent  hiccup  may  be  relieved  by  phrenic  evulsion.  In  some 
cases  the  same  result  may  be  obtained  by  injecting  alcohol 
into  the  nerve. 
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3.  To  test  the  condition  of  the  better  lung  before  thoraco¬ 
plasty.  If  after  phrenic  evulsion  the  patient  has  a  focal 
reaction  with  signs  of  activity  in  the  other  lung,  thoraco¬ 
plasty  should  not  be  performed. 

4.  As  a  preliminary  to  thoracoplasty.  This  has  become 
a  routine  with  many  surgeons,  and  undoubtedly  helps  to 
immobilise  the  lung. 

5.  To  assist  artificial  pneumothorax.  The  operation  is 
especially  valuable  when  there  are  adhesions  to  the  dia¬ 
phragm.  In  conjunction  with  pneumothorax,  phrenic 
evulsion  may  also  be  advised  to  reduce  the  size  of  the  pleural 
cavity  if  the  lung  expands  quickly  after  refills.  Thus  the 
intervals  between  the  refills  may  be  lengthened  after  the 
operation.  Edwards  (1)  finds  the  operation  most  useful  for 
patients  of  the  industrial  class  who  cannot  leave  their  work 
for  frequent  refills.  In  his  series  of  17  cases  the  refill  interval 
was  extended  appreciably  in  all  but  three  cases,  all  of  whom 
had  adhesions  in  the  mid  lobe  on  the  right  side.  Patients 
who  could  go  for  only  seven  days  without  requiring  a  refill 
were  able  to  go  for  three  weeks  or  longer  after  phrenic 
evulsion. 

Phrenic  evulsion  is  also  useful  in  artificial  pneumothorax 
if  there  is  a  mediastinal  bulge.  By  allowing  the  diaphragm 
to  ascend,  the  bulging  or  displacement  of  the  mediastinum  to 
the  other  side  is  sometimes  corrected. 

6.  To  diminish  the  size  of  the  pleural  cavity.  When  the 
pleura  is  thick  and  the  re-expansion  of  lung  very  slow  or  in 
cases  of  tuberculous  pyopneumothorax  phrenic  evulsion  may 
be  performed,  and  the  rising  diaphragm  assists  in  the 
obliteration  of  the  pleural  cavity. 

7.  To  relieve  the  heart  in  cases  of  great  displacement  in 
fibrotic  cases.  Morriston  Davies  describes  six  cases  where 
symptoms  resulting  from  fibrosis  and  adhesions  w^ere 
relieved  by  the  operation. 

In  a  report  on  105  cases  treated  by  phrenic  evulsion, 
Morriston  Davies  (2)  comes  to  the  following  conclusions  : — 
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1.  In  true  basal  cases  of  tuberculosis  it  has  been  unques¬ 
tionably  of  immense  assistance  in  arresting  the  disease  ; 
but  that  with  one  brilliant  exception  it  is  of  little  use  in  cases 
of  basal  bronchiectasis. 

2.  When  the  disease  is  generalised,  but  mainly  unilateral, 
some  improvement,  and  at  times  of  considerable  degree,  may 
be  expected  in  about  50  per  cent,  of  the  cases.  This  improve¬ 
ment  has  been  noticed  in  cases  of  bronchiectasis,  as  well  as 
in  those  suffering  from  tuberculosis. 

3.  As  an  accessory  to  incomplete  artificial  pneumothorax, 
considerable  benefit  can  be  expected  in  a  large  percentage  of 
cases,  particularly  when  the  base  of  the  lung  is  adherent  to 
the  diaphragm,  or  it  is  desired  to  increase  the  interval 
between  the  refills.  Phrenic  evulsion  should  always  be  done 
before  allowing  a  lung  long  collapsed  to  re-expand. 

4.  Hemidiaphragmatic  paralysis  will  frequently  produce 
complete  relief  of  distressing  symptoms  which  are  due  to 
irritation  of  the  muscle  or  to  distortion,  or  to  drag  on  the 
pericardium  by  adhesions. 

5.  Phrenic  evulsion  should  always  be  done  as  a  preliminary 
to  thoracoplasty.  On  occasion  the  result  of  the  minor  opera¬ 
tion  is  so  satisfactory  that  the  major  one  becomes  unneces¬ 
sary. 

6.  As  bronchiectasis  is  liable  to  develop  as  a  sequela  of 
an  unresolved  pneumonia,  phrenic  evulsion  should  be  done 
as  a  prophylactic  measure  in  all  those  cases  in  which  resolu¬ 
tion  is  still  incomplete  three  to  six  months  after  the  onset  of 
the  basal  pneumonia. 

In  most  cases  the  operation  is  a  simple  procedure,  and 
Morriston  Davies  (3)  gives  a  detailed  description  of  the 
technique.  There  are,  however,  certain  difficulties  and  com¬ 
plications.  The  nerve  may  run  an  abnormal  course,  and 
fatal  cases  have  been  described  where  the  vagus  nerve  was 
evulsed  in  mistake  for  the  phrenic.  The  subclavian  vein  has 
been  ruptured  by  too  vigorous  traction.  Bleeding  which 
may  occur  as  the  nerve  is  being  twisted,  usually  stops,  how- 
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ever,  when  the  traction  ceases.  Sometimes  there  is  pain,  and 
faintness  may  occur. 

The  effect  of  the  operation  varies  considerably  in  different 
cases.  The  dome  of  the  diaphragm  may  rise  as  high  as  the 
second  rib,  or  there  may  be  very  little  rise.  The  muscle  of 
the  diaphragm  atrophies  and  is  converted  into  a  thin  layer 
of  fibrous  tissue,  so  that  as  atrophy  proceeds  the  dome  of 
the  diaphragm  rises  higher  in  the  pleural  cavity.  It  is  raised 
more  by  the  positive  abdominal  pressure  than  by  the  negative 
pressure  in  the  pleural  cavity.  The  increased  abdominal 
pressure  which  accompanies  cough  will  have  a  direct  action 
on  the  lung  if  the  tone  of  the  diaphragmatic  muscle  is 
removed,  and  thus  cough  will  be  more  effective  in  bringing 
up  sputum.  Pain  or  useless  cough  due  to  diaphragmatic 
adhesions  will  be  lessened. 

The  effect  on  the  apex  of  the  lung  is  doubtful  and  is  cer¬ 
tainly  not  so  great  as  on  the  base.  Wolf  (4)  and  other 
observers  consider  apical  cavities  definite  indications  for 
phrenic  evulsion,  but  in  my  experience  results  in  such  cases 
are  disappointing.  Campbell  (5)  gives  an  interesting  account 
of  the  value  and  limitations  of  the  operation,  and  the  view 
held  by  most  authorities  at  the  present  time  is  that  it  is 
frequently  of  great  value  as  an  accessory  to  other  methods 
of  treatment,  but  that  by  itself  it  is  rarely  of  help  in  arresting 
tuberculous  disease  of  the  lung. 
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Thoracoplasty. — Tuberculosis  spreads  by  the  lymphatics, 
and  the  lymph  flow  is  largely  dependent  on  the  movements 
of  the  lungs. 

The  object  of  thoracoplasty  is  to  immobilise  the  lung  and 
produce  lymph  stasis.  The  procedure  differs  from  artificial 
pneumothorax  in  that  the  collapse  of  lung  is  permanent, 
and  it  should  not  be  performed,  therefore,  until  the  patient 
has  a  certain  degree  of  resistance  as  indicated  by  fibrosis. 
In  the  acute  caseating  cases,  thoracoplasty  is  contra-indi¬ 
cated,  but  artificial  pneumothorax  may  be  induced,  and  will 
often  check  the  disease  altogether,  or  convert  it  into  the 
chronic  fibroid  type,  in  which  case  thoracoplasty  may  later 
be  possible.  At  the  same  time  thoracoplasty  should  not  be 
too  long  delayed.  When  there  is  extensive  fibrosis  and 
cavitation,  the  chances  of  the  operation  being  successful  are 
much  reduced.  It  is  very  difficult  to  close  a  large  apical 
cavity  by  thoracoplasty.  Even  if  large  sections  of  ribs  are 
removed  and  heavy  sandbags  employed  afterwards  to 
approximate  the  cut  ends,  apicolysis  frequently  becomes 
necessary. 

Some  disease  in  the  better  lung  is  present  in  most  cases,  and 
does  not  necessarily  contra-indicate  thoracoplasty,  although 
the  condition  of  the  better  lung  is,  of  course,  a  matter  of  far 
greater  importance  than  if  artificial  pneumothorax  is  con¬ 
templated.  The  degree  of  activity  is  of  more  importance 
than  the  actual  extent  of  the  disease. 

Hudson  (6),  whilst  admitting  that  thoracoplasty  may 
incite  rapid  development  of  disease  in  the  other  lung  if 
the  patient  is  unwisely  chosen,  remarks  that  slight  lesions 
in  the  other  lung  show  an  astonishing  tendency  to  heal 
after  the  main  focus  of  disease  has  been  dealt  with  by 
operation. 

Apart  from  the  selection  of  the  patient,  it  is  most  important 
that  the  operation  should  be  performed  by  a  surgeon  who 
has  special  experience  of  this  type  of  work.  The  technique 
and  the  rapidity  with  which  the  operation  is  done  make  an 
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enormous  difference.  The  choice  of  anesthetist  is  also  a 
matter  of  importance,  not  only  to  the  comfort  of  the  patient, 
but  also  to  the  success  of  the  treatment.  Magill  (7)  advocates 
nitrous  oxide  and  oxygen  after  a  preliminary  narcotic  con¬ 
sisting  of  omnopon  gr.  -J  and  scopolamine  gr.  TJn. 

He  thinks  that  paraldehyde  or  avertin  per  rectum  are 
contra-indicated  in  these  cases,  as  it  is  important  for  the 
patient  to  clear  his  lungs  of  sputum  as  soon  as  possible  after 
the  operation.  It  is  better  if  the  surgeon  gives  an  injection 
of  a  1  per  cent,  solution  of  novocain  in  the  region  of  each 
intercostal  nerve  as  soon  as  the  ribs  are  exposed  at  the 
beginning  of  the  operation,  as  this  reduces  the  liability  of 
shock  when  the  ribs  are  divided.  With  this  anesthesia  the 
best  results  are  obtained,  and  Magill  thinks  nitrous  oxide 
is  better  than  ethylene.  He  refers  to  202  thoracoplastic 
operations  without  an  anesthetic  death,  the  five  deaths  in 
this  series  being  one  on  the  second  day  from  pulmonary 
embolism,  one  on  the  sixth  day  from  tuberculosis  in  the 
other  lung,  one  on  the  fourth  and  another  on  the  twentieth 
day  from  tuberculous  pneumonia,  and  the  other  on  the 
eighth  day  from  syncope. 

The  indications  for  the  operation  are  : — 

1.  To  close  the  pleural  cavity  when  the  lung  is  collapsed 
and  cannot  re-expand.  In  cases  where  the  general  condition 
of  the  patient  remains  good  and  the  pneumothorax  is  dry, 
the  chest  wall  will  usually  fall  in  naturally  ;  this,  together 
with  compensatory  changes  in  the  better  lung,  will  usually 
close  the  cavity  in  time  without  thoracoplasty,  and  there  is  no 
uigency  for  the  operation.  In  cases  of  tuberculous  empyema, 
however,  and  especially  if  associated  with  spontaneous 
pneumothorax  and  an  open  perforation  in  the  visceral  pleura, 
thoracoplasty  will  give  the  patient  by  far  the  best  chance,  and 
it  should  be  performed  as  soon  as  it  is  clear  that  the  lung 
cannot  re-expand,  and  when  the  general  condition  of  the 
patient  is  at  its  best. 

2.  In  any  case  where  artificial  pneumothorax  is  indicated 
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but  cannot  be  performed  owing  to  adherent  pleura,  provided 
always  that 

1.  Disease  (if  any)  in  the  better  lung  is  not  active. 

2.  The  patient  has  a  reasonable  degree  of  resistance  as 

indicated  by  fibrosis. 

3.  Other  general  contra-indications  are  absent. 

Contra-indications. — Apart  from  the  essentials,  namely, 

power  of  resistance  and  absence  of  activity  in  the  other 
lung,  certain  other  factors  must  be  taken  into  consideration. 
The  condition  of  the  heart  is  important.  If  there  is  dyspnoea 
or  other  cardiac  symptoms  due  to  fibrosis,  and  consequent 
displacement  of  the  heart,  thoracoplasty  may  be  beneficial, 
but  if  the  heart  muscle  is  weakened  by  prolonged  tuberculous 
toxaemia,  the  operation  will  be  much  more  serious,  and  the 
chances  of  death  from  cardiac  failure  considerable. 

The  age  of  the  patient  must  also  be  considered,  and  some 
surgeons  think  the  operation  should  not  be  performed  in 
those  over  forty-five  years,  although  successful  cases  in 
patients  over  fifty  have  been  described.  It  is,  however, 
more  a  matter  of  the  general  condition  and  resistance  of  the 
patient  than  his  actual  age. 

Cases  of  left-sided  disease  do  better  than  those  where  the 
operation  is  performed  on  the  right  side,  in  some  published 
results  the  subsequent  mortality  being  twice  as  great  in  the 
right-  as  in  the  left-sided  cases.  In  a  case,  therefore,  when  the 
advisability  of  thoracoplasty  is  in  doubt,  the  decision  for 
or  against  the  operation  may  depend  on  whether  the  disease 
is  on  the  right  or  left  side. 

Thoracoplasty  should  not  be  performed  as  a  last  resort. 
When  a  patient  is  desperately  ill,  emaciated,  febrile  and 
toxic,  an  operation  will  add  considerably  to  his  sufferings. 
If  improvement  occurs  by  other  means,  such  as  absolute 
rest  and  general  treatment,  thoracoplasty  may  be  possible 
later,  but  if  these  methods  fail  the  operation  could  not  have 
succeeded,  and  most  probably  would  have  hastened  the  end. 

Archibald  (1)  stresses  the  importance  of  resistance,  and 


234 


TREATMENT 


does  not  operate  unless  there  is  evidence  of  satisfactory 
fibrosis.  Fibrosis  causes  displacement  of  the  thoracic  viscera, 
and  the  presence  of  the  trachea  in  the  mid-line  may  be  taken 
as  a  contra-indication  for  the  operation.  He  advocates  thora¬ 
coplasty,  especially  when  the  most  affected  lung  is  tending 
to  heal  by  fibrosis,  but  complete  healing  is  prevented  by 
cavitation  or  insufficient  yielding  of  surrounding  tissues.  It 
is  an  operation  for  the  productive,  and  not  for  the  exudative 
type  of  case. 

Of  contra-indications,  Archibald  mentions  the  following  : 

1.  Several  large  cavities  in  both  lobes.  In  this  case  a  very 
partial  and  temporary  improvement  is  the  best  that  can  be 
expected,  and  will  not  compensate  the  patient  for  the  suffer¬ 
ing  of  the  operation. 

2.  Activity  in  a  chronic  case,  especially  if  due  to  spread  in 
the  other  lung.  For  these  cases  artificial  pneumothorax, 
phrenicotomy  or  absolute  rest  gives  a  better  chance,  and  if 
they  do  not  improve  they  would  not  have  done  so  with 
thoracoplasty.  “  The  operation,”  he  says,  “  may  tumble 
them  on  the  wrong  side  of  the  fence.” 

3.  Acute  exudative  progressive  pulmonary  tuberculosis, 
even  if  apparently  unilateral.  Here  a  pneumothorax  should 
be  induced. 

He  advocates  resection  of  the  ribs  from  the  first  to  eleventh 
near  the  angles.  Collapse  is  produced  by  the  inward  spring 
of  the  rib  stumps  and  the  natural  elasticity  of  the  lung. 
Those  movements  of  lung  which  depend  on  the  ribs  are 
stopped,  and  the  lung  can  be  still  further  immobilised  by 
cutting  the  phrenic  nerve  and  stopping  the  lung  movements 
dependent  on  the  diaphragm. 

The  technique  of  the  operation  varies  with  different  sur¬ 
geons,  and  for  descriptions  of  it  the  reader  is  referred  to 
the  works  of  Lilienthal  (2),  Alexander  (3)  and  Morriston 
Davies  (4).  A  large  number  of  patients  have  now  been 
treated,  and  the  mortality  of  the  operation  has  been  so  much 
reduced  and  the  results  so  greatly  improved,  that  in  skilled 
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hands  thoracoplasty  need  no  longer  be  regarded  as  a  dan¬ 
gerous  and  almost  hopeless  procedure. 

Discussing  the  after  effects  of  surgical  procedures  in  cases 
of  pulmonary  tuberculosis  Tudor  Edwards  (5)  gives  some 
interesting  figures  showing  the  results  of  thoracoplasty. 

Later  in  an  address  at  the  Portsmouth  Congress  of  the 
Royal  Institute  of  Public  Health  in  June,  1930,  Tudor 
Edwards  gave  the  following  figures  illustrating  the  results 
of  thoracoplasty. 

Cases  112. 

Operation  mortality  within  three  months,  5  to  4-5  per 
cent. 

Of  these,  3  died  from  pneumonia  ;  1  from  pulmonary 
embolism  ;  1  from  heart  failure. 

Of  the  remaining  107,  treatment  was  completed  in  94,  of 
whom  43  or  45*7  per  cent,  were  able  to  work  ;  24  or  25*6  per 
cent,  were  much  improved  and  fit  for  light  work  ;  8  or  8-5  per 
cent,  were  slightly  improved  ;  3  or  3*2  per  cent,  were  worse 
or  not  improved  ;  16  or  17  per  cent,  died  later. 

Of  the  13  patients  whose  treatment  was  not  completed, 
5  had  lost  the  tubercle  bacilli  from  the  sputum  and  were 
taking  full  exercise  ;  3  were  improving. 

In  the  remaining  5  the  operation  was  too  recent  to  judge 
of  the  results.  The  mortality  in  his  first  59  cases  was  6*8  per 
cent.,  but  in  the  next  53  it  was  only  1*9. 

Increased  knowledge,  with  consequent  better  selection  of 
cases  for  operation,  together  with  improved  technique,  per¬ 
forming  the  operation  in  two  or  more  stages,  rapidity  of 
operating  and  modern  methods  of  ansesthetisation,  have 
reduced  the  mortality  enormously.  Archibald  (8)  divides  a 
series  of  cases  into  three  groups  :  (1)  Those  having  thoraco¬ 
plasty  for  uncomplicated  pulmonary  tuberculosis  ;  (2) 

thoracoplasty  for  some  complication  arising  in  artificial 
pneumothorax  ;  (3)  thoracoplasty  for  tuberculous  empyema, 
but  excluding  grave  mixed  infections. 

The  first  group  he  subdivides  into  good,  doubtful  and  bad 
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cases,  and  had  the  following  results  one  year  or  more  after 
thoracoplasty. 

1.  Uncomplicated  pulmonary  tuberculosis. 


Cases. 

Practical 

cure. 

Much 

improved. 

Death  due 
to  operation. 

Good 

24 

16 

4 

1 

Doubtful 

45 

17 

8 

3 

Bad 

21 

0 

3 

8 

2.  Complication  of  artificial  pneumothorax. 


Cases. 

Practical 

cure. 

Much 

im¬ 

proved. 

Death 
due  to 
opera¬ 
tion. 

With  partial  pneumo- 

thorax 

9 

4 

2 

0 

Total  pneumothorax,  but 

band  overlying  cavities 

2 

1 

0 

0 

3.  Tuberculous  empyema. 


Cases. 

Practical 

cure. 

Much 

im¬ 

proved. 

Death 
due  to 
opera¬ 
tion. 

Chronic  sero-purulent 
Thick  purulent 

6 

7 

2 

2 

9 

1 

0 

0 

Gravesen  (9)  had  the  following  results  in  197  patients  after 
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thoracoplasty  for  pulmonary  tuberculosis.  There  were  14 
deaths  (7T  per  cent.)  from  the  operation  ;  8  patients  were 
still  under  treatment  and  are  not  included. 


Much  improved 

45 

23-8 

Improved  .... 

88 

46-6 

No  change  .... 

2 

11 

Worse  ..... 

21 

111 

Died  (including  operation  deaths) 

33 

17-5 
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TREATMENT 


Multiple  Intercostal  Neurectomy. — Alexander  (1)  found 
that  unilateral  multiple  intercostal  neurectomy  in  dogs  and 
rabbits  greatly  decreased  the  mobility  of  the  hemithorax  and 
caused  some  decrease  in  its  size.  He  performed  the  opera¬ 
tion  on  6  patients,  and  the  results  were  good  in  3.  One  had 
the  operation  too  recently  for  any  conclusions  to  be  formed. 
In  1  case  there  was  no  result,  either  good  or  bad,  and  the 
other  patient  died,  the  operation  being  a  contributory 
cause.  Alexander  advises  phrenicectomy  some  two  or  three 
weeks  before  the  operation  in  order  to  reduce  the  size  of  the 
pleural  cavity. 

In  order  to  perform  the  operation,  longitudinal  incisions 
are  made  over  the  angles  of  the  ribs  under  local  anaesthesia. 
Two  or  more  centimetres  of  the  second  to  the  eleventh  inter¬ 
costal  nerves  are  removed.  The  operation  is  safe  and  painless. 
The  dangers  and  shock  of  thoracoplasty  are  avoided,  so  that 
neurectomy  can  be  used  for  a  larger  group  of  patients.  Those 
who  are  not  bad  enough  to  expose  to  the  risk,  as  well  as  those 
who  are  too  ill  to  stand  the  shock  of  thoracoplasty,  might 
benefit  from  multiple  intercostal  neurectomy.  Alexander 
points  out  that  the  operation  cannot  be  regarded  as  a  sub¬ 
stitute  for  thoracoplasty,  although  it  may  be  a  preliminary. 
If  a  patient  is  too  ill  for  thoracoplasty,  he  may  improve 
sufficiently  to  have  it  after  intercostal  neurectomy.  Thoraco¬ 
plasty  closes  the  chest,  which  neurectomy  cannot  do  to  any 
appreciable  extent,  and  thus  is  not  so  satisfactory  in  the  case 
of  a  cavity  or  lesion  which  requires  closing  the  lung  as  well  as 
resting  it.  A  theoretical  objection  to  intercostal  neurectomy 
is  that  by  preventing  or  hindering  expectoration  spread  of 
disease  and  toxaemia  may  occur  from  stasis.  This  did  not 
occur  in  Alexander’s  cases,  nor  did  he  find  any  undue 
dyspnoea. 
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Pathologist,  Middlesex  Hospital.  75  Illustrations.  10s.  6rf.  net. 

Recent  Advances  in  Bacteriology.  By  J.  IT.  Dible, 

M.B.,  Ch.B.,  Professor  of  Pathology,  Univ.  of  Liverpool.  22  Illus. 
12s.  6rf.  net. 

Recent  Advances  in  Preventive  Medicine.  By  J. 

F.  C.  Haslam,  M.C.,  M.D.,  M.R.C.P.,  D.P.H.,  Director  of  Library 
Services,  London  School  of  Hygiene  and  Tropical  Medicine.  30  Illus¬ 
trations.  12s.  6rf.  net. 
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!A  Handbook  of  Clinical  Chemical  Pathology.  By  f 

F.  S.  Fowweather,  M.D.,  M.Sc.,  D.P.H.,  Lecturer  in  Chemical  Patho*  ( 
l°gy,  Univ.  of  Leeds.  With  Foreword  by  Rt.  Hon.  Lord  Moynihan*  / 
K.C.M.  G.  18  Illus.  8s.  6 d.  net.  ) 

Pathology,  General  and  Special,  for  Students  of  } 

Medicine.  By  R.  Tanner  Hewlett,  M.D.,  F.R.C.P.,  D.P.H.,  Professor  ( 
of  Bacteriology,  University  of  London.  48  Plates  and  12  Illustrations  ) 
in  Text.  Fifth  Edition.  18s.  net.  ) 

Clinical  Pathology.  By  P.  N.  Panton,  M.B.,  Clinical  ) 

Pathologist  and  Director  of  Hale  Clinical  Laboratory,  London  Hospital,  ) 
and  J.  R.  Mariiack,  M.B.,  Chemical  Pathologist,  London  Hospital.  ) 
Second  Edition.  With  12  Plates  (10  Coloured)  and  5i  Illustrations  in  the  ) 
Text.  15s.  net.  ( 

A  Manual  of  General  or  Experimental  Pathology.  ( 

By  W.  S.  Lazarus-Barlow,  M.D.,  F.R.C.P.,  Director  of  the  Cancer  \ 
Research  Laboratories,  Middlesex  Hospital.  Second  Edition.  21s.  net.  ( 

The  Elements  of  Pathological  Anatomy  and  Histology  for  ( 

Students.  24 s.  net.  / 

Synopsis  of  Surgical  Pathology.  By  Eric  Pearce  ) 

Gould,  M.D.,  F.R.C.P.  6s.net.  ( 

Surgical  Pathology  and  Morbid  Anatomy.  See  p.  8.  \ 

I  Post-Mortem  Manual.  By  C.  R.  Box,  M.D.,  Lecturer  \ 

on  Applied  Anatomy,  St.  Thomas’s  Hospital.  Second  Edition.  22  Illus-  ) 
trations.  10s.  6 d.  net.  \ 

The  Pathologist’s  Handbook :  a  Manual  for  the  > 

Post-mortem  Room.  By  T.  N.  Kelynack,  M.D.  126  Illus.  4s.  6<f.  net.  ) 

Recent  Advances  in  Psychiatry.  By  H.  Devine,  ) 

O.B.E.,  M.D.  12s.  6 d.  net.  ) 

Psychological  Medicine.  By  Sir  M.  Craig, C.B.E., M.D. ,  / 

Physician,  Mental  Diseases,  Guy’s  Hospital,  and  T.  Beaton,  O.B.E.,  / 

M.D.,  Lect.  in  Mental  Diseases,  Bethlem  Royal  Hospital.  Fourth  / 
Edition.  25  Plates.  21s.  net.  ) 

Also  by  Sir  M.  Cvaig.  / 

Nerve  Exhaustion.  6s.  net.  r 

Mental  Diseases :  Clinical  Lectures.  By  Sir  T.  S.  ( 

Clouston,  M.D.,  F.R.C.P.Edin.  Sixth  Edition.  30  Plates.  16s.net.  ( 

Unconscious  Therapeutics;  or,  the  Personality  of  s 

the  Physician.  By  Alfred  T.  Schofield,  M.D.  Second  Edition.  \ 
5s.  net.  The  Management  of  a  Nerve  Patient,  os.  net.  \ 

The  Journal  of  Mental  Science.  Published  Quarterly,  \ 

by  Authority  of  the  Royal  Medico-Psychological  Association.  7s.  6d.  net.  ) 

;  Practical  Electrotherapeutics  and  Diathermy.  By  ^ 

)  G.  B.  Massey,  M.D.  157  Illustrations.  21s.  net.  ) 

)  E!ectro  =  Therapy :  Its  Rationale  and  Indications.  / 

)  By  J.  Curtis  Webb,  M.  B.,  B.C.  With  6  diagrams.  5s.net.  / 

)  Electricity  :  Its  Medical  and  Surgical  Applications.  ( 

/  By  C.  S.  Potts,  M.D.  With  356  Illustrations  and  6  Plates.  21s.net.  ( 

(  Lang’s  German- English  Dictionary  of  Terms  used  v 

(  in  Medicine  and  the  Allied  Sciences.  Third  Edition,  edited  and  \ 

/  revised  by  M.  K.  Meters,  M.D.  28s.net.  (j 
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A  Clinical  Atlas  of  Blood  Diseases.  By  A.  Piney,  M.D., 

S'rANLET  Wtard,  M.D.  36  Illustrations,  32  Coloured, 

±48.  o a.  net. 

Also  by  Dp.  A.  Piney 

Recent  Advances  in  Haematology.  Second  Edition. 

4  Coloured  Plates,  18  Text-figures.  12s,  6d.  net 

Diseases  of  the  Blood.  20  Illus.,  6  in  Col.  12s-.  6cl.  net. 
Skin  .  Its  Uses  in  Six  Phases.  By  Lewis  E.  Hertslet, 

M.RX.S.,  L.R..C.P.  With  Forewords  by  Professor  Leonard  Hill  F  Pi  S. 
and  R.  P.  Mackenzie,  M.B.,  C.M.,  D.P.H.  8  Plates.  10s.6d.net. 

Taylor's  Practice  of  Medicine.  Fourteenth  Edition. 

Revised  by  Drs.  E.  P.  Poulton,  C.  P.  Stmonds,  H.  W.  Barber  and  R.  D. 
Gillespie.  64  Plates  and  103  Figures.  25s.  net. 

Endocrine  Diseases,  Their  Diagnosis  and  Treatment. 

By  W.  Falta  (Vienna).  Translated  and  Edited  by  M.  K.  Meters  M.D. 
Foreword  by  Sir  A.  E.  Garrod,  M.D.  104  Illustrations.  36*.  net. 

Text- book  of  Differential  Diagnosis  of  Internal 

Medieine.  By  M.  Matthes.  Translated  from  4th  German  Edition  by 
M.D.,  and  M.  H.  Gross,  M.D.  176  Illustrations.  42 s.  net. 

Medical  Diagnosis.  By  A.  Latham,  M.D.,  F.B.C.P., 

and  J.  Torrens,  M.B.,  M.R.C.P.  74  Illustrations,  19  in  colour.  15s.  net. 

Pulmonary  Tuberculosis.  Its  Diagnosis,  Preven¬ 

tion,  and  Treatment.  By  W.  M.  Crofton,  M.D.  21  Illustrations.  6s.  net. 

I  herapeutic  Immunisation  :  Theory  and  Practice.  7s.  6 d.  net. 

The  Primary  Lung  Focus  of  Tuberculosis  in  Chil¬ 
dren.  By  Dr.  Akthon  Ghon.  Translated  by  D.  Bartt  Kino  M  D. 
M.R.C.P.  2  Coloured  Plates  and  74  Text-figures.  10s.  6rf.  net. 

Studies  in  Influenza  and  its  Pulmonary  Compli¬ 

cations.  By  D.  Bartt  King,  O.B.E.,  M.D.  7s.6d.net 

A  Short  Practice  of  Medicine.  By  E.  A.  Fleming,  M.D., 

F.R.C.P.E.,  F.R.S.E.,  Lecturer  on  Medicine,  School  of  Royal  Colleges 
Edinburgh.  Third  Edition.  With  64  Illustrations.  21s.net. 

A  Manual  of  Family  Medicine  and  Hygiene  for  India. 

By  Sir  William  J.  Moore,  K.C.I.E.,M.D.  Ninth  Edition,  edited  by  Major 
C.  A.  Sprawson,  C.I.E.,  M.D.,  I.M.S.  69  Engravings.  10s.  6d.  net. 

The  Blood :  how  to  Examine  and  Diagnose  its 

Diseases.  By  Alfred  C.  Coles,  M.D.,  D.Sc.,  F.R.S.Edin.  Third 
Edition.  7  Coloured  Plates.  10s.  6 d.  net. 

Lectures  on  Medicine  to  Nurses.  By  Herbert  E. 

Cuff,  M.D.,  F.R.C.S.  Seventh  Edition.  29  Illustrations.  7s.  6d.  net. 

On  Alcoholism  :  Its  Clinical  Aspects  and  Treat¬ 

ment.  By  F.  Hare,  M.D. ,  Med.  Supt.,  Norwood  Sanatorium,  5s.  net. 

Recent  Advances  in  Cardiology.  By  C.  F.  Terence 

East,  M.D.,  F.R.C.P.,  and  C.  W.  C.  Bain,  M.C.,  M.B.  12  Plates  and 
57  Text-figures.  12s.  6d.  net. 

Recent  Advances  in  Study  of  Rheumatism.  By 

F.  J.  Pot n ton.  M.D.,  F.R.C.P.,  Physician,  Univ.  College  Hospital,  and 
B.  E.  Schlksingkk,  M.R.C.P.,  M.R.C.S.,  Physician,  Children’s  Dept., 
Royal  Northern  Hospital.  20  Illus. 
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Chemical  Methods  in  Clinical  Medicine.  By  G.  A. 

Harrison,  M.D.,  B.Ch.,  L.R.C.P.,  Reader  in  Chemical  Pathology  in  the 
University  of  London.  2  Coloured  Plates  and  63  Text-figures.  il8s.  net. 

Recent  Advances  in  Medicine.  Clinical — Laboratory — 

Therapeutic.  By  G.  E.  Beaumont,  D.M.,  F.R.C.P.,  Assistant  Physician, 
Middlesex  Hospital,  and  E.  C.  Dodds,  M.B.,  B.S.,  Professor  of  Bio¬ 
chemistry,  Univ.  of  London.  Fifth  Edition.  49  Illustrations.  12s.  Qd.  net. 

Recent  Advances  in  Pulmonary  Tuberculosis.  By 

L.  S.  T.  Burrell,  M.D.  32  Plates  and  17  Text-figures.  12s.  6d.  net. 

The  Diabetic  Life :  Its  Control  by  Diet  and  Insulin. 

By  R.  D.  Lawrence,  M.D.,  Chemical  Pathologist,  King’s  College  Hos¬ 
pital.  Fifth  Edition.  14  Illustrations.  8s.  6d.  net. 

The  Effects  of  Inanition  and  Malnutrition  upon 

Growth  and  Structure.  By  C.  M.  Jackson,  Professor  of  Anatomy, 
University  of  Minnesota.  117  Illustrations.  30s.net. 

Massage :  Its  Principles  and  Practice.  By  James 

B.  Mennell,  M.A.,  M.D.,  B.C.,  Med.  Officer,  Physico-Therapeutic  Dept., 
St.  Thomas’s  Hospital.  Second  Edition.  With  167  Illustrations.  21s.  net. 

Translated  and  Edited  by  Dr.  Mina  L.  Dobbie. 

Medical  Gymnastics  and  Massage  in  General 

Practice.  By  Dr.  J.  Arvedson.  Third  Edition.  8s.  6 d.  net. 

The  Technique,  Effects  and  Uses  of  Swedish  Medical 

Gymnastics  and  Massage.  By  J.  Arvedson.  131  Illus.  12s.  6 d.  net. 

Researches  on  Rheumatism.  By  F.  J.  Poynton, 

M. D.,  F.R.C.P.,  and  A.  Paine,  M.D.,  B.S.  106  Illustrations  15s.  net. 

Physical  Signs  in  the  Chest  and  Abdomen.  By 

A.  J.  Jex-Blake,  M.D.,  F.R.C.P.  27  Illustrations.  9s.  Qd.  net. 

Ulcer  of  the  Stomach  and  Duodenum.  By  Samuel 

Fenwick,  M.D.,  F.R.C.P.,  and  W.  Soltau  Fenwick,  M.D.,  B.S.  56 
Illustrations.  10s.  6 d.  net.  Cancer  and  other  Tumours  of  the 
Stomach.  70  Illustrations.  10s.  Qd.  net. 

The  Clinical  Examination  of  Urine.  By  Bindley 

Scott,  M.A.,  M.D.  41  original  Plates  (mostly  in  colours).  15s.  net. 

Urine  Examination  made  easy.  By  Thomas  Car- 

ruthers,  M.B.,  Ch.B.  Fourth  Edition.  2s.  net. 

Uric  Acid  as  a  Factor  in  the  Causation  of  Disease. 

By  Alexander  Haig,  M.D.,  F.R.C.P.  Seventh  Edition.  75  Illustrations. 
14s.  net.  Uric  Acid  in  the  Clinic. 5s.  net.  Uric  Acid,  an  Epitome  of 
the  Subject.  Second  Edition.  2s.  6 d.  net. 

Medical  Hydrology.  By  R.Fortescue  Fox, M.D.  6s.net. 

Physical  Therapy  in  Diseases  of  the  Eye,  Ear,  Nose 

and  Throat.  By  A.  R.  Hollknder,M.D.,  and  M.  H.  Cottle,  M.D.  21s.net. 

Recent  Advances  in  Chemotherapy.  By  W.  G.  M. 

Findlay,  O.B.E.,  D.Sc.,  Wellcome  Bureau  of  Scientific  Research. 
4  Plates  and  11  Text-figures.  15s.  net. 
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Sc'e™‘;^nd  Practice  of  Surgery.  By  W.H.C.  Romanis, 

2H8,  P'R-°'S-  2  vols-  Second 

Surgical  Radiology.  By  A.  P.  Bertwistle,  M.B. 

F.R.C.S.E.  24  Plates.  8s.  6d.  net. 

Surgery.  Edited  by  Gb  E.  GUsk,  C.M.Gb,  DSO 

p;viB;?-’and>HbBOLI,+  T-  wILlON’  M‘S”  M’B.,  F-R-C.S.,  Surgeons,  St’. 
Bartholomew  s  Hospital.  With  39  Plates,  20  in  Colour  and  407  Text- 
hgures.  30s.  net. 

The  After-Treatment  of  Wounds  and  Injuries. 

By  R.  C.  Elmslie  M.S.,  F.R.C.S.,  Special  Mil.  Surg.  Hosp.,  Shepherd’s 
Bush;  Surgeon,  St.  Bartholomew’s  Hospital.  With  144  Illustrations 
i  08.  net. 

A  Text-Book  of  Surgery.  By  R.  Warren,  M.D., 

F.R.C.S.,  Assistant  Surgeon,  London  Hospital.  With  604  Original 
Illustrations.  2  vols.  27s.  net. 

Bowlby  and  Andrewes’  Surgical  Pathology  and 

Morbid  Anatomy.  Revised  by  Geoffrey  Keynes,  M.D.  F  R.C  S 
Assistant  Surgeon,  St.  Bartholomew’s  Hospital.  Eighth  Edition’  With 
Illustrations.  net.  ' 

On  Diseases  of  the  Rectum  and  Anus,  including 

the  Sixth  Edition  of  the  Jacksonian  Prize  Essay  on  Cancer.  By 

?iSh0FH>*rPP8*w-^-?^Sur^Cal  Staff’  St*  Bartholomew’s  Hospital. 
I  ourth  Edition.  With  14  Plates  and  34  Illustrations.  10s.  6d.  net. 

Diseases  of  the  Rectum,  Anus,  and  Sigmoid  Colon. 

By  F.  S winford  Edwards,  F.R.C.S.,  Senior  Surgeon  to  St  Mark’s 
Hospital  for  Fistula  and  other  Diseases  of  the  Rectum.  Third  Edition 
102  Illustrations.  10s.  6d.  net.  * 

Minor  Surgery  and  Bandaging.  Nineteenth  Edition. 

(Heath,  Pollard  and  Davies).  By  Gwynnk  Williams,  MS  FRCS 
Surgeon,  University  College  Hospital.  247  Illustrations.  10*.  6ii.  net.  ** 

Injuries  and  Diseases  of  the  Jaws.  By  Christopher 

Heath,  F.R.C.S.  Fourth  Edition.  Edited  by  H.  P.  Dean,  M.S..F.R  C  S 
Assistant  Surgeon,  London  Hospital.  187  Illustrations.  14«.  net.  *  ** 

Surgical  Nursing  and  After-Treatment.  By  H.  C. 

QTUIHfRFOm?-'DgASrj,If.G’  M*Dv  F.R.C.S.,  Surgeon,  South  Coast  Hospital, 
Sidney.  I hird  Edition.  With  149  Illustrations.  8s.  6d.  net. 

By  the  same  Author. 

Elementary  Hygiene  for  Nurses.  Fourth  Edition. 

64  Illustrations.  5s.  net. 
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Surgical  Emergencies  in  General  Practice.  By 

W.  H.  C.  Romanis,  M.B.,  F.R.C.S.,  F.R.S.Edin.,  and  P.  H.Mitchiner, 
M.D.,  M.S.,  F.R.C.S.,  Surgeons,  St.  Thomas’s  Hospital.  Illustrated. 
{In  the  Press.) 

Radium  Treatment  of  Cancer.  By  Stanford  Cade, 

F.R.C.S.,  Assistant  Surgeon  and  Joint  Lecturer  on  Surgery,  West¬ 
minster  Hospital.  With  13  Coloured  Plates  and  49  Text-figures.  15s.  net. 

The  Operations  of  Surgery.  Seventh  Edition.  By 

R.  P.  Rowlands,  M.S.Lond.,  F.R.C.S.,  and  Philip  Turner,  M.S., 
F.R.C.S.,  Surgeons,  Guy’s  Hospital.  2  vols.  900  Illustrations,  43  in 
Colour.  £3  10s.  Od.  net. 

Recent  Advances  in  Surgery.  By  W.  H.  Ogilvie, 

M.D.,  F.R.C.S.,  Assistant  Surgeon,  Guy’s  Hospital.  Second  Edition. 
115  Illustrations.  15s.  net. 

Surgery  in  the  Tropics.  By  Sir  Frank  P.  Connor, 

D.S.O.,  F.R.C.S.,  Professor  of  Surgery,  Bengal  Medical  College.  99 
Illustrations.  12s.  6c?.  net. 

Surgery  in  War.  By  A.  J.  Hull,  F.R.C.S.,  Lieut.-Col., 

R.A.M.C.  With  210  Illustrations.  25s.  net. 

Operative  Surgery  of  the  Head,  Neck,  Thorax  and 

Abdomen.  By  Edward  H.  Taylor,  F.R.C.S.I.,  University  Professor  of 
Surgery,  Trinity  College,  Dublin.  With  300  Original  Illustrations,  many 
in  colour.  32s.  net. 

Synopsis  of  Surgery.  By  Ivor  Back,  F.R.C.S., 

Surgeon,  St.  George’s  Hospital,  and  A.  T. Edwards,  F.R.C.S.,  Assistant 
Surgeon,  Westminster  Hospital.  12s.  6 d.  net. 

Synopsis  of  Surgical  Pathology.  By  Eric  Pearce 

Gould,  M.D.,  F.R.C.S.  6s.  net. 

Synopsis  of  Surgical  Diagnosis.  By  W.  H.  C.  Romanis, 

M.B.,  M.C.,  F.R.C.S.  8s.  6 d.  net. 

Inguinal  Hernia,  the  Imperfectly  Descended 

Testicle,  and  Varicocele.  By  Philip  Turner,  M.S.,  F.R.C.S.,  Assistant 
Surgeon,  Guy’s  Hospital.  With  22  Illustrations.  10s.  6 d.  net. 

Practice  and  Problem  in  Abdominal  Surgery.  By 

Alfred  Ernest  Maylard,  M.B.Lond.  and  B.S.  39  Illustrations.  8s.  6 d. 
net.  Abdominal  Tuberculosis.  57  Illustrations.  12s.6d.net. 

Clinical  Essays  and  Lectures.  By  Howard  Marsh, 

F.R.C.S.  Prof.  Surgery,  Univ.  Cambridge.  26  Figures.  7s.  6 d.  net. 

Modern  Bullet= Wounds  and  Modern  Treatment. 

By  Major  F.  Smith,  D.S.O.,  R.A.M.C.  3s.  net. 

Surgical  Emergencies.  By  Paul  Swain,  F.R.C.S. 

Fifth  Edition.  149  Engravings.  6s.  net. 

Chloroform :  a  Manual  for  Students  and  Practi¬ 

tioners.  By  Edward  Lawrie,  M.B.Edin.  Illustrated.  7s.  6 d.  net. 

Anaesthesia.  By  J.  T.  G-wathmey,  M.D.,  President  of 

the  American  Association  of  Anaesthetists,  with  Collaborators  on  Special 
Subjects.  Second  Edition.  273  Illustrations.  25s.  net. 
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A  Text- Book  of  Diseases  of  the  Skin.  By  J.  H. 

Sequeira,  M.D.,  F.R.C.P.,  F.R.C.S.,  Physician,  Skin  Dept.,  London 
Hosp.  4th  Edition.  56  Plates  in  colours  and  309  Text-figures.  42s.  net. 

The  Hair,  its  Care,  Diseases  and  Treatment.  By 

W.  J.  O’Donovan,  O.B.E.,  M.D.,  B.S.,  Physician,  Skin  Dept,,  London 
Hospital.  Illustrations.  s.  net. 

Recent  Advances  in  Neurology.  By  W.  Russell 

Brain,  M.D.,  Assistant  Physician,  London  Hospital,  and  E.  B.  Strauss, 
B.M.,  B.Ch.,  Clinical  Assistant  to  the  Neurological  and  Psychiatric 
Clinic  of  the  University  of  Marburg.  Second  Edition.  39  Illustrations. 
12s.  6 d.  net. 


By  E.  Fryer 


An  Epitome  of  Mental  Disorders. 

Ballard,  M.B.,  B.S.  Illustrated.  7s.  6 d.  net. 

A  Text=Book  of  Nervous  Diseases.  By  W.  Aldren 

Turner,  M.D.,  F.R.C.P.,  and  T.  Grainger  Stewart,  M.B.,  M.R.C.P. 
188  Illustrations.  18s.  net. 

Paralysis  and  other  Nervous  Diseases  in  Childhood 

and  Early  Life.  By  J.  Taylor,  M.D.,  F.R.C.P.  74  Illus.  12s.  6 d,  net. 

Stone  in  the  Urinary  Tract.  By  H.  P.  Winsbury 

White,  M.B.,  Ch.B.,  F.R.O.S.Edin.,  F.R.C.S.Eng.  2  Coloured  Plates 
and  181  Text-figures.  25s. 

Selected  Papers  on  Stone,  Prostate,  and  other 

Urinary  Disorders.  By  R.  Harrison,  F.R.C.S.  15  Illustrations.  5s.  net. 
By  E.  Hurry  Fenwick,  F.R.C.S.,  Surgeon  to  the  London  Hospital  : 

Atlas  of  Electric  Cystoscopy.  34  Coloured  Plates. 

21s.  net.  Obscure  Diseases  of  the  Urethra.  63  Illus.  6s.  6 d.  net. 
Tumours  of  the  Urinary  Bladder.  Fasc.  1.  5s.  net.  Ulceration 

of  the  Bladder,  Simple,  Tuberculous,  and  Malignant;  a  Clinical 
Study.  Illustrated.  5s.  net. 

The  Nematode  Parasites  of  Vertebrates.  By 

Warrington  Yorke,  M.D.,  Professor  of  Parasitology,  University  of 
Liverpool,  and  P.  A.  Maplesxone,  M.B.,  D.S.O.  Foreword  by  C.  W. 
Stiles.  307  Illustrations.  36s.  net. 

Recent  Advances  in  Tropical  Medicine.  Bv  Sir 

Leonard  Rogers,  C.I.E.,  M.D.,  F.R.S.,  F.R.C.S.,  F.R.C.P.  Second 
Edition.  16  Illustrations.  12s.  6 d.  net. 

Malay  Poisons  and  Charm  Cures.  By  J.  D.  G-imlette, 

M.R  C.S.,  L.R.C.P.  Third  Edition.  3  Plates.  I0s.6d.net. 

Public  Health  Practice  in  the  Tropics.  By  J. 

Balfour  Kirk,  M.B.,  D.P.H.,  D.T.M.&H-,  Director,  Medical  and  Health 
Department,  Mauritius.  ( Ready  August,  1930.) 

Tropical  Medicine.  By  Sir  Leonard  Kogers,  C.I.E., 

F.R.C.P.,  F.R.C.S.,  F.R.S.,  and  Major-General  J.  W.  D.  Megaw,  I.M.S., 
C.I.E.,  M.B.,  B.Ch.  1  Colour  Plate  and  77  Illustrations.  14s.  net. 
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The  Queen  Charlotte’s  Practice  of  Obstetrics. 

By  J.  B.  Banister,  M.D.,  F.R.C.S.,  A.  W.  Bourne,  M.B.,  F.R.C.S.,  T.  B. 
Davies,  M.D.,  F.R.C.S.,  C.  S.  Lane-Roberts,  M  S,,  F.R.C.S.,  L.  G. 
Phillips,  M.S.,  F.R.C.S.,  L  C.  Rivett,  M.C.,  F.R.C.S.,  Members  of  the 
Staff  of  the  Hospital.  Second  Edition.  274  Illustrations,  4  Coloured 
Plates.  18s.  net. 

Recent  Advances  in  Obstetrics  and  Gynaecology. 

By  Aleck  W.  Bourne,  F.R.C.S.,  Obstetric  Surgeon,  St.  Mary’s  Hos¬ 
pital,  and  Queen  Charlotte’s  Hospital.  Second  Edition.  67  Illustrations. 
12s.  6d.  net. 

Practical  Midwifery.  By  Gibbon  FitzGibbon,  M.D., 

F.R.C.P.I.  With  175  Illustrations.  16s.  net. 

The  Difficulties  and  Emergencies  of  Obstetric 

Practice.  By  Cohyns  Berkeley,  M.D.,  F.R.C.P.,  and  Victor  Bonney, 
M.D.,  F.R.C.S.,  Obstetric  and  Gynsecological  Surgeons,  Middlesex 
Hospital.  Third  Edition.  With  309  Original  Illustrations.  36s.net. 

Manual  of  Midwifery.  By  T.  W.Eden,  M.D.,C.M.Edin., 

F.R.C.P.Lond.,  Obstetric  Physician,  Charing  Cross  Hospital,  andEARULEY 
Holland,  M.D.,  F.R.C.P.,  F.R.C.S.,  Obstetric  and  Gynaecological  Surgeon, 
London  Hospital.  ( 7th  Edition  in  Preparation.) 

By  T.  W.  Eden  and  C.  Lockyer,  M.D.,  F.R.C.P.,  F.R.C.S. 
Gynaecology.  Third  Edition.  556  Illustrations  and 

32  Coloured  Plates.  36s.  net. 

A  Short  Practice  of  Midwifery,  embodying  the 

Treatment  adopted  in  the  Rotunda  Hospital,  Dublin.  By  Henry  J kllett, 
M.D.,  B.A.O.Dub.,  late  Master,  Rotunda  Hospital,  Dublin.  Tenth 
Edition.  3  Coloured  Plates  and  283  Illustrations.  18s.  net.  A  .Short 
Practice  of  Midwifery  for  Nurses,  with  a  Glossary  of  Medical  Terms, 
and  the  Regulations  of  the  C.M.B.  Eighth  Edition.  4  Coloured  Plates 
and  176  Illustrations.  8s.  6d.  net.  A  Practice  of  Gynaecology.  Fifth 
Edition.  15  Col.  Plates  and  417  Illustrations  (many  coloured).  25s.  net. 
A  .Short  Practice  of  Gynaecology.  Revised  by  Professor  R.  E. 
Tottenham,  M.B.,  B.Ch.,  B.A.O.  Sixth  Edition.  With  365  Illustrations, 
(many  in  colour).  s.  net.  The  Causes  and  Prevention  of 

Maternal  Mortality.  15s.  net. 

Manual  of  Obstetrics.  By  O.  St.John  Moses,  M.D., 

C.M.,  D. Sc.,  F.R.C.S.  With  136  Illustrations.  21s.net. 

Obstetric  Aphorisms.  By  the  late  J.  G.  Swayne,  M.D., 

Revised  by  W.  C.  Swayne,  M.D.,  B.S.Lond.,  Professor  of  Obstetrics, 
University  of  Bristol.  Eleventh  Edition.  With  29  Illustrations.  3s.6d.net. 

Longridge’s  Manual  for  Midwives.  By  J.  B. 

Banister,  M.D.,  F.R.C.S.,  Obstetric  Physician,  Charing  Cross  Hospital, 
Fourth  Edition.  (Ready,  Autumn,  1930.) 

A  Short  Manual  for  Monthly  Nurses.  By  Charles 

J.  Cullingwoeth,  M.D.,  F.R.C.P.  Sixth  Edition.  Is.  6 d.  net. 

A  Clinical  Manual  of  the  Malformations  and  Con» 

genital  Diseases  of  the  Foetus.  By  Prof.  Dr.  R.  Birnbaum.  Translated 
and  annotated  by  G.  Blacker,  M.D.,  F.R.C.P.,  F.R.C.S.,  Obstetric 
Physician  to  University  College  Hospital,  With  66  Illustrations.  15s.  net. 
By  R.  A.'  Gibbons,  M.D.,  F.R.C.S. Ed. 

A  Lecture  on  Dysmenorrhoea.  2s.  6 d.  net.  A  Lecture  on  Sterility  :  its 
/Etiology  and  Treatment.  2s.  6 d.  net.  A  Lecture  on  Pruritus 
Vulvae  ;  its  /Etiology  and  Treatment.  2s.  6d.  net. 
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Recent  Advances  in  Forensic  Medicine.  By  Sydney 

SwriH,  M.D.,  D.P.H.,  Professor  of  Forensic  Medicine,  University  of 
rMm  jurgh,  and  J.  Glaister,  Jnr.,  M.D.,  Ch.B.,  Professor  of  Forensic 
Medicine,  Cairo.  100  Illustrations.  {In  the  Press.) 

An  Introduction  to  Forensic  Psvchiatry  in  the 

Criminal  Courts.  By  W.  N.  East,  M.D.  16k.  net. 

Some  Famous  Medical  Trials.  By  L.  A.  Parry,  M.D., 

F. R.C.S.  10s.6rf.net. 

Forensic  Medicine.  By  Sydney  Smith,  M.D.,  D.P.H., 

Regius  Professor  of  Forensic  Medicine,  University  of  Edinburgh. 
Second  Edition.  166  Illustrations.  24s.  net. 

Forensic  Medicine.  Illustrated  by  Photographs  and 

Descriptive  Cases.  By  H.  Littlejohn,  F.R.C.S.Ed.  183  Ulus.  15s.  net. 

Medical  Jurisprudence:  its  Principles  and  Practice. 

By  Alfred  S.  Taylor,  M.D.  Eighth  Edition,  by  Sydney  Smith,  M.D., 
D.P.FI.,  and  W.  G.  H.^Cook,  LL.D.,  Barrister-at-Law.  2  vols.  £3  3s.  net. 

Recent  Advances  in  Ophthalmology.  By  W.  Stewart 

Duke-Elder,  M.D.,  F.R.C.S.,  Assistant  Ophthalmic  Surgeon,  St.  George’s 
Hospital.  Second  Ed.  4  Coloured  Plates  and  110  Text-figs.  12s.  6 rf.  net. 

Also  by  Dr.  Duke-Elder. 

The  Practice  of  Refraction.  208  Illus.  12s.  6d.  net. 

A  Handbook  of  Ophthalmology.  By  Humphrey 

Neame,  F.R.C.S.,  and  F.  A.  Williamson-Noble,  F.R.C.S.  12  Coloured 
Plates.  194  Illustrations.  12s.  6rf.  net. 

Refraction  of  the  Eye,  including  Physiological 

Optics.  By  Charles  Goulden,  O.B.E.,  M.D. ,  F.R.C.S.,  180  Illus¬ 

trations.  10s.  6rf.  net. 

Medical  Ophthalmology.  By  R.  Foster  Moore, 

O.B.E.,  F.R.C.S.  Second  Edition.  92  Illustrations.  18s.net. 

Refraction  of  the  Eye.  By  Gf.  Hartridge,  F.R.C.S. 

16th  Edition.  110  Illustrations.  7*.  6rf.net.  The  Ophthalmoscope.  6th 
Edition.  65  Illustrations  and  4  Plates.  6s.  6rf.  net. 

Diseases  of  the  Eye  :  a  Manual  for  Students  and 

Practitioners.  By  Sir  J.  H.  Parsons,  C.B.E.,  D.Sc.,  F.R.C.S.,  F.R.S., 
Ophthalmic  Surgeon,  University  College  Hospital  ;  Sixth  Edition.  348 
Illustrations  and  20  Coloured  Plates.  18s.  net.  Elementary  Ophthalmic 
Optics,  including  Ophthalmoscopy  and  Retinoscopy.  66  Illustra¬ 
tions.  6s.  6rf.  net. 

Sight  =  Testing  Made  Easy,  including  Chapter  on 

Retinoscopy.  By  W.  W.  Hardwicke,  M.D.  Fourth  Edition,  os.  net. 

The  Ophthalmoscope  and  Howto  Use  It.  By  A.  Free¬ 

land  Fergus,  LL.D.,  M.D.,  F.R.S.E.  2nd  Edition.  17  Illus.  3s.  6rf.  net. 

Principles  of  Ophthalmoscopy  and  Skiascopy.  By 

G.  F.  Alexander,  M.B.,  C.M.  31  Illustrations.  5s.  net. 

Ophthalmological  Society  of  the  United  Kingdom. 

Transactions.  Yol.  XLIX.  30s.  net. 

The  Slit-Lamp  Microscopy  of  the  Living  Eye.  By 

F.  Ed.  Koby.  Translated  by  C.  B.  Goulden,  O.B.E.,  M.D.,  F.R.C.S., 
and  Clara  L.  Harris,  M.B.,  Ch.B,  Second  Edition.  104  Illus.  15s.net. 

Ophthalmic  Nursing.  By  M.  H.  Whiting,  F.R.C.S. 

51  Illustrations.  5s.  net. 
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Otology  0  Paediatrics  0  Dentistry 


The  Labyrinth  of  Animals,  including'  Mammals, 

Birds,  Reptiles,  and  Amphibians.  By  Albert  A.  Gray,  M.D.(Glas.), 
F.R.S. E.,  Surgeon  for  Diseases  of  the  Ear  to  the  Victoria  Infirmary, 
Glasgow.  Vol.  I,  with  31  Stereoscopic  Plates.  21s.  net  (including 
Stereoscope).  Vol.  II.  45  Stereoscopic  Plates.  25s.net. 

Manual  of  Diseases  of  Nose  and  Throat.  By  C.  G. 

Coakley,  M.D.  Sixth  Edition.  145  Ulus,  and  7  Coloured  Plates.  13s.  net. 

The  Pharmacopoeia  of  the  Hospital  for  Diseases 

of  the  Throat,  Nose,  and  Ear.  Seventh  Edition.  2s.  6 rf.  net. 

Diseases  of  the  Ear.  By  T.  Mark  Hovell,  Senior  Aural 

Surgeon  to  the  London  Hospital.  2nd  Edition.  128  Engravings.  21s.  net. 

Recent  Advances  in  Diseases  of  Children.  By  W.  J. 

Pearson,  D.S.O.,  M.A.,  D.M.,  M.R.C.P.,  Physician,  Children’s  Dept., 
University  College  Hospital,  and  W.  G.  Wyllie,.  M.D.,  M.R.C.P., 
Physician,  Hospital  for  Sick  Children,  Gt.  Ormond  Street.  Second 
Edition.  20  Plates  and  34  Text-figures.  15s.  net. 

The  Modern  Practice  of  Pediatrics.  By  William 

Palmer  Lucas,  M.D.,  LL.D.,  Professor  of  Pediatrics,  University  of 
California  Medical  School.  126  Illustrations.  30s.  net. 

Premature  and  Congenitally  Diseased  Infants. 

By  Julius  H.  Hess,  M.D.  With  189  Illustrations.  18s.  net. 

The  Diseases  of  Children.  By  Sir  J.  E.  GooDHART,Bt., 

M.D.,  F.R.C.P.,  and  G.  F.  Still, M.D. ,  F.R.C.P.,  Professor  of  the  Diseases 
of  Children,  King’s  College.  Twelfth  Edition.  68  Illustrations.  28s.net. 

The  Wasting  Diseases  of  Infants  and  Children.  By 

Eustace  Smith,  M.D.,  F.R.C.P.  Sixth  Edition.  6s.  net. 

An  Introduction  to  Dental  Anatomy  and  Physio¬ 
logy,  Descriptive  and  Applied.  By  A.  Hopewell- Smith,  L.D.S.Eng. 
With  6  Plates  and  340  Illustrations  21s.  net.  The  Normal  and  Patho= 
logical  Histology  of  the  Mouth.  Vol.  I,  Normal  Histology.  Vol.  II, 
Pathological  Histology.  With  658  Illustrations.  2  vols.  £2  2s.  per  set. 

Dental  Anatomy,  Human  and  Comparative:  a 

Manual.  By  Charles  S.  Tomes,  M.A.,  F.R.S.  Edited  by  H.  W.  Marett 
Tims,  O.B.E.,  M.A.,  M.D.,  F.Z.S.,  and  C.  Bowdler  Henry,  L.R.C.P., 
M.R.C.S.,  L.D.S.Eng.  Eighth  Edition.  325  Illustrations.  18s.  net. 

A  System  of  Dental  Surgery.  By  Sir  John  Tomes, 

F.R.S.  Revised  by  C.  S.  Tomes,  M.A.,  F.R.S. ,  and  Walter  S. 
Nowell,  M.A.Oxon.  Fifth  Edition.  318  Engravings.  15s.net. 

An  Atlas  of  Dental  Extractions,  with  Notes  on  the 

Causes  and  Relief  of  Dental  Pain.  By  C.  Edward  Wallis,  M.R.C.S., 
L.R.C.P.,  L.D.S.,  Assistant  Dental  Surgeon,  King’s  College  Hospital. 
Second  Edition.  With  11  Plates.  6s.  net. 

A  Manual  on  Dental  Metallurgy.  By  Ernest  A.  Smith, 

Assay  Office,  Sheffield.  Fourth  Edition.  37  Illustrations.  12s.  6 rf.  net. 

Synopsis  of  Dentistry.  By  A.  B.  G.  Underwood, 

B.S.,  L.D. S.Eng.  With  10  Illustrations.  9s.6rf.net. 

Handbook  of  Mechanical  Dentistry.  By  J.  L. 

Dudley  Buxton,  L.D.S.,  Dental  Surgeon,  University  College  Hospital. 
With  168  Illustrations.  12s.  6rf.  net. 
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A  Chemical  Dictionary  :  Containing  the  Words  generaily  used  in 

Chemistry  and  many  of  the  Terms  used  in  the  Related  Sciences.  By 
Ingo  W.  D.  Hackh,  San  Francisco.  Over  100  Tables.  232  Ulus.  42s.net. 
The  Chemical  Analysis  of  Foods.  By  H.  E.  Cox,  M.Sc.,  38  Ulus.  18s.net. 
Modern  Methods  of  Cocoa  and  Chocolate  Manufacture.  Bv  H  W 
By  waters,  D.Sc.,  Ph.D.,  A.R.C.S.,  F.I.C.  108  Illustrations.  21*.  net 
Parry’s  Cyclopaedia  of  Perfumery.  By  E.  J.  Parry,  B.Sc.  F.I.C.  F  C  S 
Analytical  and  Consulting  Chemist.  2  Yds.  36s.  net.  ’  ’  *  *  ’* 

Gasworks  Laboratory  Handbook.  By  W.  I.  Ineson,  Chief  Chemist  Brad¬ 
ford  Corporation  Gasworks.  56  Illustrations.  9s.  6rf.  net. 

Organic  Medicaments  and  their  Preparation.  By  E.  Fournfau  Trans 
lated  by  W.  A.  Silvester,  M.Sc.  22  Illustrations.  15s.  net 
The  Fundamental  Processes  of  Dye  Chemistry.  By  H.  E  Fierz-Davtt> 

Translated  by  F.  A.  Mason,  Ph.D.  45  Ulus,  including  19  Plates  21*  net' 

A  JUQ7°^1In?r8:aniC  CpheTJSt^‘  ,?y  W'  SpEAR>  M-A*  Second  Edition.' 
97  Illustrations.  6s.  6 rf.  Also  Part  I  (up  to  Atomic  Theory).  3s.  6rf  net 

Explosives.  Their  Manufacture,  Properties,  Tests,  and  History.’  By 
A.  Marshall  A.G.G.I.  Second  Edition.  2  vols.  158  Illustrations. 
£3  3s.  net.  A  Short  Account  of  Explosives.  7s.6if.net.  A  Dictionary 

of  Explosives,  los.  net.  J 

Inorganic  and  Organic  Chemistry.  By  C.  L.  Bloxam.  Eleventh  Edition. 

By  A.  G.  Bloxam,  F.I.C.,  and  S.  Judd  Lewis,  D.Sc.,  FIC  36s  net 
Treatise  on  Applied  Analytical  Chemistry.  Edited  by  Prof  Y  Villa 
vecchia.  Translated  by  T.H  Pope,  B.Sc.  Vol.J.  With  58  Illustrations. 
21s.  net.  Y  ol.  II.  With  lOo  Illustrations.  25s.  net. 

Treatise  on  General  and  Industrial  Chemistry.  By  Dr.  Ettork  Molinari 
Second  English  Edition.  Translated  by  T.  H.  Pope  B  Sc  Fie’ 
Vol.  I.— Inorganic.  328  Illus.,  42s.  net.  Yol.  II.— Oro-anic  ’’PartT* 
254  Illus.,  30s.  net.  Part  II.  303  Illus.,  30s.  net. 

Ammonia  and  the  Nitrides.  By  E.  B.  Maxted,  Ph.D.,  B.Sc.  7s.  6rf.  net. 

Bricks  and  Artificial  Stones  of  Non-plastic  Materials.  By  Alfred  B 
Searle.  65  Illustrations.  10s.  6rf.  net. 

The  Preparation  of  Organic  Compounds.  By  E.  be  Barry  Barnett  B  Sc 
Second  Edition.  With  64  Illustrations.  10s.6rf.net  A  Tert.hnoli  nf 
Organic  Chemistry.  With  15  Illustrations.  10s.  6rf.  net. 

The  Plant  Alkaloids.  By  T.  A.  Henry,  D.Sc.  2nd  Edition.  8  Plates.  28s.net. 

Industrial  Organic  Analysis.  By  Paul  S.  Arup,  B.Sc.,  A.C  G  I  Second 
Edition.  25  Illustrations.  12s.  6rf.  net.  second 

A  History  of  Chemistry.  By  the  late  J.  Campbell  Brown.  Edited  by 
H.  H.  Brown.  Second  Edition.  With  106  Illustrations.  21s  net 
Practical  Chemistry.  Sixth  Edition.  Edited  by  G.  D  Bengough’ 
D.Sc.  2s.6rf.net.  Essays  and  Addresses.  With  23  illustrations.  5s  net' 
Microbiology  for  Agricultural  and  Domestic  Science  Students  Edited 
by  0.  E.  Marshall.  Third  Edition.  With  200  Illustrations.  21s  net 
Cocoa  and  Chocolate :  their  Chemistry  and  Manufacture  By  R 
Whymper.  Second  Edition.  With  16  Plates  and  38  figures.  42s.net  ’ 
Reagents  and  Reactions.  By  E.  Tognoli.  Trans,  by  0.  A.  Mitchetl 
D.Sc.  7*.  0rf.  net.  * 

Laboratory  Manual  of  Elementary  Colloid  Chemistry.  By  E  H*T<.nmrr 

Second  Edition.  With  21  Illustrations.  7s.  6rf.  net. 

Practical  Physiological  Chemistry.  By  P.  B.  Hawk,  M.S.  Ph  D  Ninth 
Edition.  With  6  Coloured  Plates  and  273  Text-figures.  28s.  net'. 

The  Atmospheric  Nitrogen  Industry.  By  Dr.  I.  B.  Waeser  Translated 
by  E.  Fyleman,  Ph.D.  2  Vols.  72  Illustrations.  42s.  net.  '  aiJMatea 

Laboratory  Manual  for  the  Detection  of  Poisons  and  Powerful  Druirs 

By  Dr.  Wilhelm  Autenrikth.  Translated  by  W.  H.  Warren  Ph  D* 
6th  Edition,  translated  from  5th  German  Edition.  60  Illus.  30s  net  '  * 
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Edited  by  C.  A.  Mtichell, 
s.  net.  Yol.  II— Inorganic 


V 

o 


Recent  Advances  in  Analytical  Chemistry. 

D. Sc.,  M.A.,  F.I.C.  Yol.  I. — Organic. 

(In  the  Fress). 

Theoretical  and  Experimental  Physical  Chemistry.  By  J.  C.  Crocker 
M.A.,  D.Sc.,  F.I.C. ,  and  F.  Matthews,  Ph.D.,  B.Sc.,  F.I.C.  145  Illus¬ 
trations.  21s.  net. 

1  he  Preparation  and  Analysis  of  Organic  Compounds.  By  J.  Bernard 
Coleman,  A.R.C.Sc.,  and  Francis  Abnau,  Ph.D.  42  Ulus.'  15s.net. 
theoretical  Organic  Chemistry.  By  France  Arnall,  Ph.D.,  M.Sc.,  and 
Francis  W .  Hodges,  M.Sc.  Part  I.  30  Illustrations.  115  Experiments. 
10s.  6 rf.  net.  Part  II.  12s.  6 d.  net. 

The  Chemistry  of  the  Proteins  and  its  Economic  Applications.  By 

Dorothy  Jordon  Lloyd,  D.Sc.,  F.I.C.  50  Illustrations.  10s.  6 d.  net. 
Oils,  Fats  and  Fatty  Foods.  By  E.  Richards  Bolton  F.I.C  FCS 
Second  Edition.  12  Plates  and  34  Text-figures.  30s.  net. 

Elementary  Qualitative  and  Volumetric  Analysis.  By  AY.  Caldwell. 
M.A.,  Sc.D.  10s.  6rf.  net. 

Quantitative  Organic  Microanalysis  By  F.  Pregl,  D.Sc.,  Translated  by 

E.  Fyleman,  B.Sc.,  Ph.D.  Second  Edition.  Illustrations.  s.  d.  net. 
Sutton’s  Systematic  Handbook  of  Volumetric  Analysis.  11th  Edition  by 
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